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Currently, placement of dental implants is the treatment of choice to 
eliminate common problems reported by wearers of conventional complete 
dentures. Implants provide support, improve retention and stability of 
overdentures, and reduce or eliminate pain during mastication (1–3). 
Implants not just eliminate problems, they also clearly contribute to 
improvement of patient satisfaction and masticatory performance (4). 
The success of overdentures can be valued addressing different outcome 
measures and using different measuring methods. Patient satisfaction is 
one of these outcome measures. Many studies on patient satisfaction with 
implant overdentures use questionnaires to rate whether patients are 
satisfied or not (5–7). For this purpose, a wide variety of questionnaires 
is available, either validated (8–12) or non-validated (13,14). Additionally, 
a variety of ways of measuring function as a parameter of satisfaction is 
reported. Amongst others, the treatment effect of implant overdentures 
can be evaluated by assessing chewing efficacy, bite force, muscle activity 
and muscle anatomy. The assumption is made that improvement in these 
items also reflects greater patient satisfaction (13,15,16). The outcome 
of the various methods to assess patients’ appreciation with regard to 
overdenture treatment has not been reviewed in detail, but is eagerly 
awaited. 
When, in a particular case, implant overdenture treatment is a good 
option to improve function and patient satisfaction, the amount of bone 
available for reliable implant placement can be limited or insufficient. With 
the increasing demand for implant treatment and increasing patients’ 
expectations to minimize morbidity, there is pressure in implant dentistry 
to perform rehabilitations with implants placed in challenging sites 
such as sites with a low bone density and/or quantity. This condition is 
accompanied by an increase of presence of dehiscences or fenestrations at 
implant placement (17–19).  When placing implants with adequate primary 
stability but no complete coverage by bone, a bone augmentation in the 
same session might be a solution; such approaches are commonly applied 
in routine clinical practice to prevent extra surgical sessions and morbidity. 
This applies especially to the severely resorbed maxilla, when implants are 
placed to retain an overdenture. It is not well known how implants, which 
were placed with a dehiscence or fenestration of the implant surface, 
11
1
perform after an intermediate-term follow-up. It is meaningful to assess 
the peri-implant bone changes of implants placed with large and small 
dehiscences after five years. 
When maxillary overdenture treatment is chosen, the question 
remains how many implants are needed? The amount of evidence with 
intermediate to long-term follow-up on this topic is limited. Based on the 
findings of a systematic review about how many implants are needed for 
overdentures (20) and the good results from a randomized controlled trial 
with a five year follow-up comparing six- and four-implant overdentures 
(21) the choice for four implants to support a maxillary overdenture seems 
reasonable. After determining the amount of implants, the attachment 
system could influence success too. Various attachment systems have been 
used successfully to retain implant-supported overdentures in recent years. 
These systems can be classified as bars and solitary attachments (balls 
and locators® (Zest Anchors, Inc. homepage, Escondido, CA, USA)). Which 
system a dental practitioner and technician prefer is predominantly based 
on their experience, training and clinical outcomes (22). Overdentures 
with a bar attachment system are a therapeutic option that offers many 
advantages for patients with severely resorbed edentulous ridges (21). For 
mandibular overdentures bars are seen as the golden standard because of 
their good retention capacity, low maintenance costs and simple insertion 
and removal of the denture (23). The relative high initial costs are a 
disadvantage of the bar system. Additionally, there is some evidence that 
solitary attachments are more easy to clean by the patient than bars and 
that the soft tissues and bone are healthier because of this (24–26). 
Solitary attachments can be used with different matrices. Attachment 
design and the choice of material used for the retentive part of the matrix 
influence the friction grip and thus the need for aftercare (27). It has been 
reported that for mandibular overdentures ball attachments need more 
aftercare then bar attachments (28,29). However, an advantage of the 
solitary attachment system in comparison to the bar attachment system is 
that when maintenance, repair or replacement is needed, this can be done 
quickly, the procedures are straightforward and it can mostly be done chair 
side (30). Repair and replacement of a bar superstructure mostly takes 




When comparing ball and locator attachments in the mandible and maxilla, 
ball attachments have more prosthodontic complications than locator 
attachments (31). Therefore, it seems that the locator attachment system 
is financially more favourable than other ball attachments (32,33). No 
differences between ball or locator attachments for patient satisfaction 
and peri-implant parameters were observed after one year (34). For this 
reason the locator attachment system seems promising and is preferred 
over the ball attachment system. Locators might be more favourable than 
bars for financial, oral hygiene and easy handling and maintenance reasons. 
However, there is scant literature containing direct comparison of bars and 
locators for maxillary implant overdentures. More research on radiographic, 
clinical and patient-reported outcomes of both options is needed before 
an evidence-based choice can be made on which attachment system is 
preferred.
Besides radiographic, clinical and patient-reported outcomes, functional 
outcomes are a very important aspect as well. In most cases the main 
complaint of a patient is the disability to function. As a consequence it is 
important to know whether the masticatory performance of a patient with 
a maxillary overdenture on a locator attachment system is as good as the 
masticatory performance of a patient with a maxillary overdenture on a 
bar attachment system. A variety of methods is currently in use to measure 
masticatory performance. The degree of breakdown can be measured 
using real test foods (peanuts, carrots, etc.) (35–37) or artificial materials 
(e.g., Optosil® and Optocal®) (38,39). Of all these tests, the two-coloured 
wax mixing ability test is the best at discriminating between people with 
compromised masticatory performance (40) and seems the best to use to 
measure performance. 
As well as radiographic, clinical, functional and patient-reported outcomes, 
the arguments to choose a specific treatment can also be based on costs 
and especially cost-effectiveness. The initial costs of the newer locator 
system are presumed to be lower. Thus, choosing the locator system could 
be a way to keep up with the rising health care costs in general. If costs 
are known of both attachment options, and especially which treatment is 
more cost-effective, insight can be provided into whether the more costly 
treatment option offers sufficient added value to the patient to outweigh 
additional costs. In case of similar effectiveness, it could help health care 
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insurance companies in deciding which therapies to reimburse and which 
not, to control expenditures.
Last but not least, it should be three-dimensionally possible to apply the 
chosen treatment option. For the bar and locator attachment system 
the applicability depends on available space. The interocclusal clearance 
needed for the locator attachment system is less than for the bar 
attachment system. Providing information about the treatment process 
and the use of digital planning software when assessing available space 
is a good way to help the practitioner to choose between the different 
possibilities for treatment.
Aim of the thesis
The general aim of the research described in this thesis was to assess the 
performance of maxillary overdentures supported by four dental implants 
with regard to patient satisfaction, masticatory performance, impact of 
implant dehiscences at surgery, clinical and radiographic outcome, costs 
and choice of attachment system.
The specific aims were:
• to systematically review the literature on overdentures, in order to 
 assess the improvement in masticatory performance, bite force,
 nutritional state and patient satisfaction after overdenture  
 treatment (chapter 2);
• to assess the 5-year treatment outcome of implants to support a
 maxillary overdenture with a large dehiscent implant surface at 
 placement (chapter 3);
• to assess, in a randomized controlled trial, the one year peri-implant 
 bone height changes, implant survival, overdenture survival, clinical 
 scores, and patient satisfaction of maxillary four-implant 
 overdentures with either bar or locator attachments (chapter 4);
• to assess, in a randomized controlled trial, the change in masticatory 
 performance one year after maxillary four-implant overdenture 
 treatment with either bars or locator attachments (chapter 5);
• to perform a cost-effectiveness study on bars or locators for 
 maxillary four-implant overdentures (chapter 6);
• to describe, in two clinical reports, the reasons for choosing either 
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performance, bite force, 
nutritional state and patient 
satisfaction with implant 
overdentures: a systematic 
review.
This chapter is an edited version of the manuscript:
Boven GC, Raghoebar GM, Vissink A, Meijer HJA
Improving masticatory performance, bite force, nutritional state and patient’s satisfaction 
with implant overdentures: a systematic review of the literature. 




Background Oral function with removable dentures is improved when 
dental implants are used for support. A variety of methods is used to 
measure change in masticatory performance, bite force, patient satisfaction 
and nutritional state. A systematic review describing the outcome of the 
various methods to assess patients’ appreciation has not been reported.
Objectives The objective is to systematically review the literature on the 
possible methods to measure change in masticatory performance, bite 
force, patient satisfaction and nutritional state of patients with removable 
dentures and to describe the outcome of these.
Data sources Medline, Embase and The Cochrane Central Register of 
Controlled Trials were searched (last search July 1, 2014). The search 
was completed by hand to identify eligible studies. Two reviewers 
independently assessed the articles.
Study eligibility criteria Articles should be written in English. The study 
design should be prospective. The outcome should be any assessment of 
function/satisfaction before and at least one year after treatment. 
Eligible participants Fully edentulous subjects.
Interventions Any kind of root-form implant(s) to support a mandibular 
and/or maxillary overdenture.
Results 53 out of 920 found articles fulfilled the inclusion criteria. A 
variety of methods was used to measure oral function; mostly follow-
up was one year. Most studies included mandibular overdentures, three 
studies included maxillary overdentures. Implant-supported dentures 
were accompanied by high patient satisfaction with regard to denture 
comfort, but this high satisfaction was not always accompanied by 
improvement in general quality of life and/or health related quality 
of life. Bite force improved, masseter thickness increased and muscle 
activity in rest decreased. Patients could chew better and eat more tough 
foods. No changes were seen in dietary intake, BMI and blood markers. 
Improvements reported after one year apparently decreased slightly with 
time, at least on the long run. 
Conclusions Treating complete denture wearers with implants to support 
their denture improves their chewing efficiency, increases maximum bite 
force and clearly improves satisfaction. The effect on quality of life is 




Missing teeth, which are not replaced with prosthesis, result in a poor 
quality of life comparable with the effects of cancer and renal disease 
on physical well-being scales (1). When patients are provided with 
conventional dentures (CDs), improvements are reported with regard to 
overall satisfaction, aesthetics, comfort and speech, while the improvement 
in functional outcomes is often unsatisfactory (2). Usually, the functional 
outcome and patient satisfaction is increased when implants are placed to 
retain the mandibular (3) and/or maxillary (4) denture. Many studies on 
patients’ appreciation of implant overdentures (IODs) use questionnaires 
to rate whether patients are satisfied with the current situation or not 
(5-7). For this purpose, a wide variety of questionnaires is available, either 
validated (8-12) or non-validated (13, 14). In addition, treatment effect of 
IODs is measured with testing chewing efficacy, bite force, muscle activity 
and muscle anatomy. The assumption is made that improvement in these 
items also reflects greater patient satisfaction (13, 15, 16).
Reviews on certain aspects of patients’ appreciation of treatment with 
implant-supported overdentures are available. For patient satisfaction 
reviews were done to assess dentist- and patient-mediated preferences 
(17), the efficacy of mandibular IODs from the patient’s perspective (18), a 
comparison between treatment with CDs and IODs in elderly patients (19), 
the outcome in terms of (oral health related) quality of life (QoL) (20), and 
to assess the association between the oral health status and health related 
QoL (21). For the restoration of the edentulous mandible with IODs or 
CDs there is an accumulating body of evidence on the effect of treatment 
choice. Providing edentulous patients with implant-supported complete 
dentures contributed to improved health related QoL. Some articles show 
a significant association between oral health status and health related QoL. 
Although mandibular IODs may be more satisfying for edentulous patients 
than new CDs, the magnitude of the effect is still uncertain. Even with 
implant treatment presenting higher patient satisfaction and improvement 
of quality of life, it was not possible to establish a direct comparison 
between studies due to differences in adopted methodologies. Better 
designed, long-term studies are required to further explore differences 
in patient acceptance to each treatment intervention (CD, IOD, fixed 
prosthesis) for the edentulous mandible.
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Evidence suggests that edentulous individuals lack specific nutrients and, 
as a result, may be at risk for various health disorders. Some reviews about 
the effect of treating edentulous subjects with IODs or CDs on nutritional 
and physical state (22, 23) are done. The effect on the nutritional state 
in edentulous subjects treated with implant therapy is similar to the one 
obtained with conventional removable dentures. This is not an optimum 
nutritional state, which also depends on other factors not related to 
prosthodontics treatment. The authors (24, 25) suggest that mandibular 
prostheses supported by two implants might offer a solution to the lack of 
intake of healthy, hard-to-chew foods by people wearing CDs. 
A lot of different questionnaires and different ways of measuring function 
as a parameter of satisfaction are reported. A systematic review describing 
the outcome of the various methods to assess patients’ appreciation has 
not been reported. Therefore, the aim of the present systematic review on 
edentulous patients treated with IODs is to assess patients’ appreciation of 
the situation before and after treatment after an observational period of 
at least one year with respect to satisfaction, chewing (patterns), bite force 
and nutritional state measured by various methods.
Methods
Information sources and search strategy
A thorough search of the literature was conducted and was completed 
on July 1, 2014. The primary database used was Medline (via PubMed). 
Additional databases used were Embase and The Cochrane Central Register 
of Controlled Trials. The search was supplemented by hand-searching 
(checking references of the relevant review articles and eligible studies for 
additional useful publications). The search strategy was a combination of 
MesH terms and free text words. The strategy has been depicted in table 1.
Eligibility criteria
The studies had to meet the following requirements: 
• Type of participants Patients who received an implant-retained   
 mandibular and/or maxillary IOD replacing a CD.
• Types of intervention Placement of root-form implants to support 
 a removable complete overdenture in de mandible and/or maxilla 
 replacing a conventional complete denture. There were no
 restrictions with respect to type of implant, number of implants, 
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Table 1. Search strategy developed for Medline (via PubMed) and revised appropriately for 
each search database
Parameter Search Strategy
Overdenture #1 "Dental Prosthesis, Implant-Supported"[Mesh] OR "Den-
ture, Overlay"[Mesh] 
#2 implant overdenture* OR implant-supported* OR 
implant-stabilized* OR implant-retain* OR overdentur* OR 
removable denture* OR removable prosthesis*
Conventional Denture #3 "Denture, Complete"[Mesh]
#4 complete dentur* OR full dentur* OR conventional* OR 
edentulous*
Quality of life #5 "Quality of Life"[Mesh] 




#8 satisfact* OR “ satisfied” OR comfort*
#9 "Treatment Outcome"[Mesh]
Ability to chew #10 "Mastication"[Mesh]
#11 "chewing" OR "mastication" OR "masticatory"
Bite force #12 "Bite Force"[Mesh]
#13 "biting" OR "bite force"
Identifying correct type of 
studies
#14 "Epidemiologic Studies"[Mesh] OR "Randomized Con-
trolled Trial" [Publication Type] OR "Questionnaires"[Mesh]
#15 random* OR "prospective" OR "longitudinal" OR 





#16 partial*[tiab] NOT palatal*[tiab]
Search strategy (#1 OR #2) AND (#3 OR #4) AND (#5 OR #6 OR #7 OR #8 OR 
#9 OR #10 OR #11 OR #12 OR #13) AND (#14 OR #15) NOT 
#16
Last run data search        1 July 2014
 attachment system, and immediate or conventional loading.
• Comparison Outcomes should be a comparison between before and
 at least one year after treatment for the same patient.
• Principle outcomes Principle outcome is from methods assessing   
 changes of at least one of the following parameters: patient  
22
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 satisfaction (with a range of parameters); quality of life; oral health 
 related quality of life; function (with a range of parameters); bite
 force; ability to chew; nutritional state; and any other parameters to
 measure whether the amount of initial complaints has changed.
• Study design All types of prospective studies were considered for 
 evaluation.
Inclusion criteria
• Publications must be reporting in English.
• Treatment of the patients has to be initially planned for an 
 overdenture replacing a conventional complete denture.
• Detailed information on IODs; in case of combined data for IODs 
 and implant-supported fixed complete dentures, extraction of data 
 for the overdentures must be eligible.
• Measurements for the same patient must be done pre-treatment 
 and after 1 year or longer.
Exclusion criteria
• Less than 10 patients treated with overdentures.
• Articles describing other studies.
Validity assessment and data extraction
Initial screening of the abstracts was performed by one reviewer (GCB), 
based on the criteria above. Full-text documents were obtained for all 
articles meeting the inclusion criteria. Full text analysis was performed by 
two reviewers (GCB, HJAM) independently. 
Methodological quality and risk of bias were assessed independently by 
the reviewers using specific study-design related checklists designed by the 
Dutch Cochrane Collaboration as described by Offringa et al. (26) for each 
of the obtained full text papers. Agreement was reached by a consensus 
discussion and if necessary, a third reviewer (GMR) was consulted. 
Results
Study selection
The results of the primary search for the period until 1 July 2014 was 917 
hits for the Medline search, 194 hits for the Embase search and 109 hits for 
the Cochrane search (Fig. 1). Using this strategy, 1220 papers were initially 
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identified, of which 276 articles appeared to be double and of which 31 
were review articles and as such contained no new data. These papers were 
excluded.
Figure 1. Flow diagram study selection
After scanning of titles and abstracts a further 837 papers were excluded 
because they didn’t meet the inclusion- and exclusion criteria. This 
approach resulted in 76 papers to be evaluated by full-text analysis. The 
amount of excluded articles with reasons for exclusion is found in figure 
1. Reference checking of relevant reviews and included studies revealed 
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5 additional articles that met the criteria. The remaining 53 studies were 
filed electronically. The data were recorded and reported in annotated form 
(Table 2 (which can be found at the end of this chapter)).
Results of individual studies
Of all the studies found, most studies used patient satisfaction as a 
parameter (Table 2). A few were (also) evaluating chewing, bite force 
or other types of parameters. Most studies reported on mandibular 
overdentures, only three studies included maxillary overdentures. 
Generally an improvement in satisfaction was seen after treating patients 
with CDs with IODs. 
Five of the seven studies on chewing reported improvement. All four 
studies that reported on bite force reported an increase in bite force. 
Chewing patterns seemed to improve, and no change in BMI and blood 
plasma levels was seen.
A summary of the studies and outcomes is given in table 2. 
Chewing evaluation
All studies reporting on masticatory performance showed a higher increase 
after IOD treatment than after CD treatment. Patients were able to chew 
better (27, 28) needed less chewing cycles to reach the same result (15) 
and were able to eat more tough foods (29) after IOD treatment. One 
author (13) found no differences in mixing ability between patients treated 
with CDs or IODs. 
Bite force evaluation
Two authors (13, 29) described an improvement of the average maximum 
bite force after IOD treatment and this improvement remained established 
after 10 years (15). However, the average maximum bite force obtained 
with IODs was still significantly lower than that of dentate subjects (16).
One-year patient satisfaction evaluation
Treating CD wearers with IODs led to obvious improvements of patient 
satisfaction with their oral status as seen from custom made questionnaires 
(3, 4, 16, 30-48), the general satisfaction scores (4, 27, 33, 40, 44, 48-
50), the Vervoorn questionnaires (also known as denture complaints 
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questionnaire) (4, 48, 50, 51), the OHIP-20 (46, 52-54), the OHIP-EDENT 
(13, 55, 56), the McGills denture satisfaction questionnaire (57, 58), the 
self-reported denture satisfaction scale (13, 53, 59) and the patient denture 
complaint questionnaire (60). The improvement in satisfaction did not 
necessarily lead to improvement in general quality of life (32) or health 
related quality of life (46).
Two authors (32, 51) described improvement of psychological factors and 
less activity restriction for patients treated with implants to support their 
dentures. One author (57) described that patients are less satisfied with 
overdentures than with fixed bridges. However overdentures score better 
on ease of cleaning. The Short Form Health Survey with 36 questions (SF-
36) (46), World health organization Well-being Index (WHO-Five) (46) and 
Brief Approach/Avoidance Coping Questionnaire (BACQ) (46) showed no 
difference between treatment with a CD or IOD. 
Five-year patient satisfaction evaluation
As seen from the custom made questionnaires (37, 61-66), general 
satisfaction scores (63), verbal questions (29), the self-reported denture 
satisfaction score (59), OHIP-20 (59) and OHIP-14 (66) treating CD wearers 
with implants to support their dentures led to obvious improvements 
of patient satisfaction with their oral status. All authors described that 
improvements reached after one year are stable for the first five years.
One author (66) described that the amount of satisfaction of edentulous 
patients differs depending on prosthetic type. Patients rehabilitated with 
fixed prostheses obtained a generally higher level of satisfaction than 
patients wearing overdentures, except for the parameter for oral hygiene 
(halitosis and ease of cleaning).
Ten-year patient satisfaction evaluation
The improvement reached after one year was stable for the next ten years 
(67-70). If the mean satisfaction score of a treatment group was low at 
baseline, it stayed lower after treatment than the scores of groups receiving 
the same treatment with a higher satisfaction score at baseline (68).
Other evaluations
Two authors (27, 71) described changes in mandibular movements after 
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treatment. One author (27) reported an increase in the area covered and 
more harmonic and efficient chewing movement were seen by another 
author (71). Chewing muscle thickness increased after IOD treatment (13) 
and muscle activity during rest decreased (16). No (positive) changes in 
salivary flow (13), BMI (13, 60) blood markers (13, 60, 72) were seen.
No changes in dietary intake (13, 72) and energy distribution (14) were 
seen. However, those wearing IODs were significantly more likely to take in 
their nutrients through fresh, whole fruits and vegetables (72). 
Synthesis of results
No outcome measures could be meaningfully combined, so no meta-




This review attempted to identify published articles describing the effect 
of IOD therapy on elements of chewing efficacy, bite force, quality of life, 
patient satisfaction and other found functional outcomes. The focus of 
this article was to describe and summarize the outcome of the studies 
published so far.
Treating CD wearers with implants to support their dentures led to obvious 
improvements of patient satisfaction with their oral status as measured 
by questionnaires and interviews. One author found no improvement as 
measured by the SF-36, BACQ and the WHO-five. A part of the explanation 
for this might be that the SF-36 has limited construct validity for measuring 
oral health conditions, as stated by Allen et al. (73). This might also be 
true for the other questionnaires. The improvement in satisfaction did not 
necessarily lead to improvement in general quality of life or health related 
quality of life. The questionnaire used to measure quality of life, did not 
really focus on oral health, so it might be that the questionnaire can’t 
measure the impact on the general quality of health when the quality of 
oral health is improved.
For the parameter of chewing it was found that patients treated with IOD’s 
could chew better and eat more tough foods. Although patients could eat 
more tough foods (such as raw fruit, vegetables, nuts, etc.), an IOD didn’t 
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seem to improve dietary intake as measured by interviews, questionnaires 
and blood samples. A diet is a habit and it seems that by just improving the 
dental situation, the dietary habit does not change. In one article (13) no 
improvement in chewing efficiency was found, the explanation given was 
that they reused the existing dentures with abraded denture teeth. Because 
their treatment group existed of very old adults, also age-related decline of 
motor coordination could have contributed to this fact. Remarkably is the 
loss to follow up of 56% after 12 months in the CD group, this contributes 
to the questionability of the results of this study.
As expected, bite force improved after IOD treatment. Because of more 
usage and training of the m. masseter the thickness increased. Muscle 
activity in rest decreased, because there was no longer a need to stabilize 
the loose denture.
Improvements reached after one year seemed to decrease slightly but were 
stable over time, at least for 10 years.
Limitations
Even though there is a large amount of articles available about patients 
with CDs treated with IODs, almost all of these articles are about 
mandibular overdentures. In this review we included only three studies 
on maxillary overdentures. Thus, conclusions are based mostly on data 
about mandibular overdentures and might not be applicable for maxillary 
overdentures. Next to this only a few articles have a follow-up of longer 
than one year. So, long-term results are based on a small amount of data. 
Also the methods used in the reviewed studies are various, therefore it is 
only partly possible to compare the results of the different studies.
Comparison with existing reviews
In literature various authors (23-25) suggested that mandibular prostheses 
supported by only 2 implants offer a solution to the lack of intake of 
healthy, hard-to-chew foods by people wearing CDs. In the articles 
described in this systematic review no changes in energy distribution and 
dietary intake were seen. This was also described in the reviews done by 
Thomason et al. (20) and Sánchez-Ayala et al. (22). Thomason et al. (20) 
described that without tailored dietary advice, prosthetic rehabilitation 
didn’t necessarily result in a satisfactory diet. They suggested a relationship 
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between QoL and dietary selection, which might be justifiable, because in 
this systematic review it is found that QoL does not always improve after 
rehabilitation. Naito et al. (21) did a review on the relationship between 
satisfaction and quality of life and found 3 articles that confirmed an 
improvement in QoL after improving the oral health status and 4 that didn’t 
confirm it. This seemed to show that the magnitude of the improvement 
in QoL is uncertain. Maybe there is some improvement, but no valid 
data is available due to measuring methods which are not appropriate 
for measuring the improvement in QoL. Even though an improvement in 
QoL is not certain, the improvement in satisfaction is obvious. This is in 
line with the conclusion of Thomason et al. (20) and Assunção et al. (19). 
Emami et al. (18) described that an improvement in satisfaction was seen, 
but the magnitude was uncertain. This might be due to poor possibilities 
to compare the results of individual studies because of all the different 
measuring methods used.
Conclusions and implications
Treating complete denture wearers with implants to support their denture 
improves their chewing efficiency, increases maximum bite force and it 
clearly improves satisfaction. The effect on quality of life is uncertain. 
There is little research about maxillary overdentures, so the results of this 
systematic review are mainly related to mandibular IODs. Because the 
overwhelming amount of research done on mandibular overdentures with 
a follow-up of one year, future research should focus on long term results 
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Objective The aim of this study was to assess the 5 years clinical and 
radiographic outcome of implants with a dehiscent surface at implant 
placement.
Material and methods A total of 26 consecutive patients (61.6±8.0 years) 
with at least one implant with a dehiscent implant surface of ≥ ⅔ of the 
implant length at the labial side were included.  All implants were placed to 
support a maxillary overdenture. The implants were placed with adequate 
primary stability and the dehiscent surface was covered with autologous 
bone, anorganic bovine bone and a resorbable membrane. Outcome 
measures were soft tissue conditions, change of radiographic marginal 
bone level and implant survival. Baseline data (at loading, T0) were 
compared with 1 (T1) and 5 (T5) years post loading data.
Results Of the 116 implants, 40 implants had no dehiscences, 16 a buccal 
dehiscence <⅔ of the implant length and 60 implants a dehiscence ≥⅔. The 
peri-implant tissue was healthy and 5-years marginal bone loss was well 
within normal limits (0.4mm [-0.8 - -0.1]). One implant was lost during the 
osseointegration period.
Conclusions Placing implants with a dehiscence ≥⅔ of the buccal implant 
surface with good initial stability combined with covering of the dehiscent 
surface with autologous bone, anorganic bone and a resorbable membrane 





Nowadays, a great variety of evaluations on performance of dental implants 
is done. Most evaluations employ inclusion criteria implying placement of 
implants in nearly ideal conditions, i.e., sufficient quantity and quality of 
bone and no infection at the implant site (1). With the dissemination of 
implant treatment and increasing patients’ demands, there is a growing 
pressure in implant dentistry to perform rehabilitations with implants 
placed in “non-ideal” conditions including placement of implants in fresh 
extraction sockets, periodontal compromised areas, and sites with low 
bone density and/or quantity. The latter condition is accompanied by an 
increase on presence of dehiscences or fenestrations at implant placement 
(2–4). 
Evidence on how implants can be reliably inserted with large dehiscences 
of the implant surface at time of placement particularly with regard to 
the long term outcome is sparse. A finite element analysis showed that 
presence of buccal or lingual dehiscences is accompanied with an increase 
in marginal bone strain at the mesial and distal sites of the implant. This 
increased strain increases the risk of bone tissue overload at such locations 
(5). Deeper peri-implant pockets and greater clinical attachment loss have 
been reported for implants inserted in sites with dehiscences and guided 
bone regeneration than in healed sites without dehiscences (6). To prevent 
attachment loss related to dehiscences at the time of implant placement, 
a variety of membranes, autologous bone and bone substitutes has been 
used (7).
Even though placing implants without a complete coverage by bone at 
placement might be suboptimal, such approaches are commonly applied 
in routine clinical practice, also in the severely resorbed maxilla. As it is not 
well known how implants, used to retain a maxillary denture, that were 
placed with a dehiscence of the implant surface perform on the long run. 
The aim of the present study was to assess the clinical and radiographic 




A total of 26 consecutive patients (61.6±8.0 years) in whom at least one 
implant with a dehiscent implant surface of ≥⅔ of the implant length at the 
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labial side was placed between January 2006 and December 2009 were 
included (8). All implants were placed to support a maxillary overdenture. 
In short, these fully edentulous patients suffered from lack of retention and 
stability of the upper denture and had been referred to the Department 
of Oral and Maxillofacial Surgery (University Medical Centre Groningen, 
the Netherlands). The patients were at least 18 years of age, non-smoking, 
were capable of understanding and giving informed consent, were at least 
1 year edentulous in the maxilla and mandible, had a sufficient volume of 
bone to place implants in the anterior maxillary and mandibular region, 
and had bone dimensions allowing for implant placement with sufficient 
primary stability. The study was approved by the Medical Ethical Committee 
of the University Medical Centre Groningen (ABR NL32503.042.11).
As mentioned above, patients for the present study were included if the 
exposed implant surface (measured with a pair of calipers during surgery) 
of at least one implant was ≥⅔ of the implant length (either 4 or 6 implants 
were placed in the maxilla, thus a maximum of six implants was placed with 
an exposed implant surface of ≥⅔ of the implant length). 
The decision to set a dehiscence <⅔ of the labial implant surface as a 
cut-off point for this study is based on the following. Previously, it was 
proposed that a non-mobile implant demonstrating over 50% of vertical 
bone loss was a failure and has to be removed (9). However, treatment of 
peri-implantitis often converts a situation from unfavourable to favourable 
with respect to implant retention and arresting disease progression 
(10–12). Therefore, a criterion of >50% is too low to denote whether an 
implant is prone to failure. For this study we stated that a fixture should 
be characterized as prone to fail when ⅔ of the supporting peri-implant 
bone has been resorbed and there are signs of inflammation. This limit is 
arbitrary, but we presume that the potential to predictably place an implant 
with such a large dehiscence of the implant surface might be lower. The 
scoring was done by the surgeon (GMR). Implants of included patients were 
divided into three groups: ≥⅔ exposed surface at implant placement, <⅔ 
exposed surface at implant placement and no exposed surface at implant 
placement. The three groups of implants were compared to each other. 
After loading (T0), and one year (T1) and five years (T5) after overdenture 




All surgical procedures were performed by one experienced oral and 
maxillofacial surgeon (GMR). The prosthetic procedures were accomplished 
by three experienced prosthodontists. Manufacturing of the superstructure 
was done by a single experienced dental laboratory (8). In short, four or six 
dental implants with a length of at least 11 mm and a diameter of 4 mm 
were inserted in the maxillary anterior region (OsseoSpeed 4.0 S dental 
implants, Astra Tech AB, Mölndal, Sweden). The implants were placed at 
crestal bone level in predefined positions (positions 15, 13, 11, 21, 23, 25 in 
the six implants group; positions 13, 11, 21, 23 in the four implants group; 
Slot et al., 2013) with help of a surgical template in a two-stage procedure. 
All implants were inserted with a minimum of 2 mm bone thickness on 
the palatal side. All implants were inserted with adequate primary stability 
(insertion torque of 45 Ncm) (Figure 1). 
Figure 1. The implants are placed with large dehiscences. 
The dehiscence or fenestration of the implants was augmented with bone 
grafts harvested from the maxillary tuberosity region. The bone graft was 
harvested using chisels and shaped with forceps. The bone grafts were 
placed buccally of the implant in order to cover the surface and were 
fixed to the alveolar bone with titanium screws (Martin Medizin Technik, 
Germany) (diameter 1.5 mm) (Figure 2).
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Figure 2. The dehiscences of the implants are covered with bone grafts harvested from the 
maxillary tuberosity region and fixed to the alveolar bone with titanium screws
.
The “remaining” bone particles and the autogenous bone chips collected 
during implant bed preparation were used to fill the small gaps between 
the bone graft and the implant. After this, the reconstructed region was 
bucally covered with anorganic bovine bone (Bio-Oss®, Geistlich Pharma 
AG, Wolhusen, Switzerland) and a resorbable membrane (Bio-Gide®, 
Geistlich Pharma AG, Wolhusen, Switzerland). The mucoperiostal flap 
was replaced and wound closure was performed by using resorbable 
suture material Vicryl 4.0 (Ethicon, Norderstedt, Germany). Two weeks 
after implant placement, the patient was allowed to wear the removable 
dentures again after adjustment of the prostheses with a resilient lining 
material (Soft liner; GC Corporation, Tokyo, Japan). After a 3-months 
osseointegration period, second stage surgery was performed and the 
titanium screws were removed and healing abutments (Uni Healing 
Abutments, Astra Tech AB, Mölndal, Sweden) were placed (Figure 3). 
The denture was adjusted in the area of the healing abutments and relined 
again with a resilient lining material. The design of the overdentures was 
full coverage of the alveolar process, but without palatal coverage in the 
maxilla. All implants were splinted with a bar.
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Figure 3. Situation after a 3-months osseointegration period.
Outcome measures
Soft tissue conditions
For presence of plaque, the index according to Mombelli et al. (13) was 
used (score 0: no detection of plaque, score 1: plaque can be detected by 
running a probe across the smooth marginal surface of the abutment and 
implant, score 2: plaque can be seen by the naked eye, score 3: abundance 
amount of plaque). 
The presence of calculus (score 1) or the absence of calculus (score 0) was 
scored. 
To qualify the degree of peri-implant inflammation, the modified Löe & 
Silness index (14) was used (score 0: normal peri-implant mucosa, score 
1: mild inflammation; slight change in colour, slight oedema, score 2: 
moderate inflammation; redness, oedema and glazing, score 3: severe 
inflammation; marked redness and oedema, ulceration). 
For bleeding, the bleeding index according to Mombelli et al. (13) was used 
(score 0: no bleeding when using a periodontal probe, score 1: isolated 
bleeding spots visible, score 2: a confluent red line of blood along the 
mucosa margin, score 3: heavy or profuse bleeding). 
Probing depth was measured at four sites of each implant (mesial, labial, 
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distal, and lingual) by using a manual periodontal probe (Williams Color-
Coded Probe; Hu-Friedy, Chicago, Il, USA) after removal of the bar; the 
distance between the marginal border of the mucosa and the tip of the 
periodontal probe was scored as the probing depth. For each implant the 
deepest probing depth was recorded.
All parameters were scored at T0, T1 and T5.
Implant survival 
Implant survival was defined as the percentage of implants initially 
placed that were still present and not mobile at follow-up. Lost implants 
were scored any time after placement. Mobile implants were scored by 
percussion after removal of the bar. 
Change of radiographic bone level
Standardized intra-oral radiographs were taken at T0, T1 and T5. The intra-
oral radiographs were taken according to a long-cone paralleling technique 
with an individualized X-ray holder (15). The digital images were analysed 
using computer software (Biomedical Engineering, University Medical 
Centre Groningen, the Netherlands) to perform linear measurements on 
digital radiographs. Reference line for bone level evaluation was the outer 
border of the neck of the implant. Mesial and distal bone changes in this 
region were considered as radiographic bone height change and were 
defined as the difference in bone height between the radiograph taken 
at T0, T1 and T5. The selected imaging technique showed an acceptable 
accuracy for peri-implant bone level measurements with an overall error of 
about 0.5 mm (16). Measuring was done by one observer (HJAM). 
Statistics
Data collection was done by JWAS and analysis of the radiographs was 
done by HJAM. The worst score per implant of the clinical and radiographic 
parameters was used in the data analysis. The homogeneity between the 
implants with and without dehiscence was verified using the Pearson Χ2 
test. A Χ2 value <0.05 was considered to represent a statistically significant 
difference. Because no statistical difference was observed between the 
three groups, the implant was used as the statistical unit. In each group, 
all variables were expressed in millimetres. Variables were not normally 
distributed. Descriptive statistics (e.g., median (interquartile range 
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(IQR) described as first quartile (Q1) - third quartile (Q3))) were used to 
characterize the subject population. The comparisons of the variables 
between the groups at T1 and T5 were performed using the Kruskal-Wallis 
test. A pairwise comparison was done if a significant difference was found. 
A P-value <0.05 was considered to represent a statistically significant 
difference. The data analysis was performed using Statistical Package for 
Social Sciences (version 22.0; SPSS Inc.: An IBM Company, IBM Corporation, 
Chicago, IL, USA).
Results
Patient characteristics are shown in Table 1. Forty implants were placed 
without dehiscence of the implant surface, 16 implants with a dehiscence 
<⅔ and 60 implants with a dehiscence ≥⅔. One patient died, not related 
to the implant therapy during the first year of evaluation (25 patients 
completed T1). Another patient died, again not related to the implant 
therapy, during the fourth year after implant. One patient was not able 
to visit for T5 because of severe dementia (23 patients completed T5). 
The mean age of the patients at implant placement was 61.6±8.0 years 
(range 46.5 – 80.1). During the surgical procedure there was no extensive 
bleeding at the donor site. Two patients had an antral perforation through 
the maxillary sinuses after harvesting the tuberosity bone. The wound was 
primary closed. Healing was uneventful. No objective signs of sinusitis were 
encountered during the evaluation period. 
Wound healing after surgery was undisturbed with the exception of one 
patient with a slightly disturbed bone healing because of a small bone 
sequester. After removal of the bone sequester the wound healing was 
undisturbed. 
Soft tissue conditions
No significant change in probing depth was seen between the three groups 
at T1 and T5 (Table 2). Mean scores of the indices for plaque, calculus, 




Table 1. Characteristics of the subject population at the time of implant placement.
Age (years ± SD) 61.6 ± 8.0
Gender (%) 14 female (54%)
12 male (46%)
T0 T1 T5
Plaque-score (median [IQR]) 0.0 [0.0;0.0] 0.0 [0.0;0.0] 0.0 [0.0;1.0]
Gingiva-score (median [IQR]) 0.0 [0.0;0.0] 0.0 [0.0;0.0] 0.0 [0.0;1.0]
Bleeding-score (median [IQR]) 0.0 [0.0;1.0] 0.0 [0.0;1.0] 0.0 [0.0;1.0]
Calculus-score (median [IQR]) 0.0 [0.0;0.0] 0.0 [0.0;0.0] 0.0 [0.0;0.0]
Differences between different T0, T1 and T5 were tested with the related-samples McNemar test (p<0.05). No 
significant differences were found. IQR: interquartile range.
Table 2. Median values and interquartile range (IQR) of radiographic bone loss in mm, 
probing depth in mm, and frequency distribution of bone loss 1 year and 5 years after 
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Change in probing depth be-
tween T0 and T1 (median [IQR])
0.0 [-1.0 – 0.0]1 0.0 [-0.8 – 0.0] 1 0.0 [-1.0 – 0.0]1
Change in probing depth be-
tween T0 and T5 (median [IQR])
0.0 [-1.0 – 1.0] 1 0.0 [-0.3 – 1.3] 0.0 [0.0 – 1.0]
*A Kruskal-Wallis H test showed that there was a statistically significant difference in change of bone height 
between the different groups.





One implant placed with a ≥⅔ dehiscence was lost during the 
osseointegration period of 3 months. No other implants were lost during 
follow-up yielding a 1-year survival and 5-years survival of both 99.1%. 
Because a bar-supported overdenture could be made on the remaining five 
implants, there was no need to replace the implant.
Change of radiographic bone level 
The amount of bone loss for all groups at T1 and T5 is shown in table 2 
and figure 4. A Kruskal-Wallis H test showed that there was a statistically 
significant difference in change of bone height between the different 
groups (p = 0.044). Pairwise comparison revealed there was a significant 
difference between group 2 and 3 (p = 0.048) and no difference between 
group 1 and group 2 (p = 0.504) or group 3 (p = 0.554). 
Thus, at T1, bone loss was higher, though clinical not relevant, for implants 
with a dehiscence ≥⅔ (-0.2 mm [-0.5;-0.1]) compared to implants with a 
dehiscence < ⅔ (0.0 mm [-0.2; 0.0]).
No significant differences in bone loss were seen at T5.
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*Significant difference between groups 2 and 3 at T1 (p = 0.013).
Figure 4. Box and whisker plot of the difference in marginal bone height between T0 and 
T1 (1 year), and T0 and T5 (5 years) as measured on the intra-oral radiographs. 
Discussion
Analysis of the data of this study revealed that placing implants with a 
dehiscence of the implant surface in the maxilla to support a maxillary 
overdenture does not result in worse per-implant health and implant 
survival under the condition that the implant is placed with primary 
stability and the dehiscence is covered with autologous bone, anorganic 
bovine bone and a resorbable membrane. This eliminates the need for 
a two surgical interventions (pre implant placement augmentation and 




The incidence of complications, like sensory deficits in the lower lip and 
mental foramen area, among intraoral donor sites is more significant for 
the mandibular symphysis and the ramus area than the maxillary tuberosity 
(17,18). This observation is in line with the results of our study as the donor 
site (maxillary tuberosity) did not cause complications. Another advantage 
of choosing the tuberosity as the donor site is that harvesting of bone 
can be performed through the same incision as for the insertion of the 
implants. 
The mean peri-implant probing depths and indices for plaque, calculus, 
gingiva and bleeding were very low at T1 and T5, and comparable to the 
scores reported in the literature (19,20). Also the implant survival rate was 
comparable to survival rates for implants placed in the maxilla (21). 
Because the measurements were done on intra-oral radiographs, we have 
to deal with a measurement error of 0.5 mm (16). The minor difference 
observed between the groups at T1 has no clinical relevance and had 
resolved at T5.  Moreover, the radiographic bone loss observed (at T5) was 
small and well within the accepted limits (22). 
Conclusion
Placing implants with a dehiscence ≥⅔ of the buccal implant surface with 
good initial stability combined with covering of the dehiscent surface 
with autologous bone, anorganic bone and a resorbable membrane is 
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Objective The aim of this 1-year, prospective randomized controlled trial 
was to assess the treatment outcomes of completely edentulous patients 
with removable four-implant overdentures supported by either locators® 
(Zest Anchors, Inc. homepage, Escondido, CA, USA) or bars.
Material and methods Fifty edentulous patients were enrolled in a two-
arm randomized controlled trial. One group (n=25) received maxillary 
four-implant overdentures on locators and the other group (n=25) on 
bars. Outcome measures were change in radiographic bone level, implant 
survival, overdenture survival, soft tissue conditions (plaque index, 
presence of calculus, gingiva index, sulcus bleeding index and pocket 
probing depth) and patient satisfaction (denture complaints questionnaire, 
OHIP-49NL and general satisfaction score (GSS)). Follow-up was one year.
Results Marginal bone loss was 0.58±0.71 mm for the locator group and 
0.31±0.47 mm for the bar group. Implant survival was 96.7% and 97.9% in 
the locator and bar group, respectively. Overdenture survival was 100% in 
both groups. After 1 year, the bar group scored better on total OHIP-49NL 
and GSS for the upper denture. Clinical indices and all separate item scores 
(denture complaints questionnaire and OHIP-49NL) were not different 
between the groups.
Conclusions Maxillary overdentures retained by bars on four implants 
opposed by a mandibular overdenture are associated with significantly 
less peri-implant marginal bone loss and patients are more satisfied with 




Placement of implants is the current treatment of choice to eliminate 
common problems reported by wearers of conventional complete 
dentures. Implants provide support, improve the retention and stability 
of overdentures and reduce or eliminate pain during mastication (1–3). 
Implants not only eliminate problems, they also clearly improve patient 
satisfaction and improve masticatory performance (4). 
Various attachment systems have been successfully used for implant-
supported overdentures in recent years. These systems can be classified 
as bars and solitary attachment systems (ball and Locator® (Zest Anchors, 
Inc. homepage, Escondido, CA, USA)). Dental practitioners and technicians 
select attachment systems based on their experience and clinical outcomes 
(5).
Overdentures on bars are a therapeutic option that offers many advantages 
for patients with a severely resorbed edentulous ridge. Bars are seen as 
the gold standard for mandibular overdentures due to their good retention 
capacity and low maintenance costs, and because they enable simple 
insertion and removal of the denture (6). The relatively high initial costs are 
a disadvantage of the bar system, it is assumed that a solitary attachment 
system is less expensive than bar attachments (7,8). Additionally, some 
evidence indicates that solitary attachments are easier for the patient 
to clean than bars and that the peri-implant soft tissues and bone are 
healthier as a result (9–11).
Solitary attachments can be used with various matrices. Attachment 
design and the choice of material used for the retentive part of the matrix 
influence the friction grip and thus the need for aftercare (12). It has been 
reported that, for mandibular overdentures, ball attachments need more 
aftercare than bar attachments (13,14). However, an advantage of a solitary 
attachment system in comparison to the bar attachment system is that 
when maintenance, repair or replacement is needed, this can be done 
more quickly, the procedures are more straightforward and can mostly be 
done chair-side (15). Repair and replacement of a bar superstructure takes 
more time and is more complicated. 
In contrast, ball attachments have resulted in more prosthodontic 
complications than locator attachments (16), although no differences have 
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been shown between ball and locator attachments with regard to patient 
satisfaction and peri-implant parameters after one year (17). The locator 
attachment system therefore seems promising and is often preferred over 
the bar attachment system due to its lower cost, improved oral hygiene and 
easier handling and maintenance. However, few studies have made a direct 
comparison between bars and locators for maxillary implant overdentures. 
If more was known about the treatment outcomes of both options, then 
evidence-based choices could be made about which attachment system 
is preferred. We therefore conducted a 1-year, prospective randomized 
controlled trial to compare the treatment outcomes of completely 
edentulous patients with removable four-implant overdentures supported 
by bars or locators. Implant survival, peri-implant tissue health, marginal 
bone resorption, and patient satisfaction were measured before and at 
regular intervals during the one-year follow-up.
Materials and methods
Between January 2013 and January 2016, all eligible fully edentulous 
patients, who were referred to the Department of Oral and Maxillofacial 
Surgery (University Medical Centre Groningen, the Netherlands) because 
they suffered from a lack of retention and stability of the upper denture, 
were invited to participate in this randomized controlled trial. The patients 
in the trial had to have been edentulous in the maxilla for at least one year 
and they had to have sufficient bone volume in the anterior region of the 
maxilla to place the implants. To assess the bone volume of the maxillary 
processus, cone beam computed tomography (CBCT) was used. Exclusion 
criteria were patients with American Society of Anaesthesiologists score 
(ASA score) ≥III (18) as well as patients who were smoking, those with 
a history of radiotherapy in the head and neck region, a history of pre-
prosthetic surgery or previous implant placement in the maxilla.
A total of 50 consecutive patients were included in this randomized 
controlled trial. All the subjects received a written explanation of the 
study. Written informed consent was obtained from each patient after 
an additional in-person explanation of the clinical trial. The study 
was approved by the Medical Ethical Committee of the UMCG (ABR 
NL43293.042.13) and was registered in the Netherlands National Trial 
Register (NTR3813). The patients were randomly assigned to one of the two 
groups by means of sealed envelopes, i.e. to the locator group (patients 
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receiving maxillary overdentures on a locator attachment system, (n=25)) 
or the bar group (patients receiving maxillary overdentures on a bar 
attachment system, (n=25)).
Surgical procedure
All patients received four dental implants with a diameter of 3.5 mm 
(NobelActive™ Narrow Platform (Nobel Biocare AB, Gothenburg, 
Sweden) in the maxilla. The implants were placed, guided by a surgical 
stent, at crestal bone level in predefined positions (positions 13, 11, 
21, 23) according to a two-stage surgical protocol. When needed, an 
augmentation procedure( 19) was done using bone harvested from the 
maxillary tuberosity and organic bovine bone (Bio- Oss®, Geistlich Pharma 
AG, Wolhusen, Switzerland), after which the bone was covered with 
a resorbable membrane (Bio-Gide®, Geistlich Pharma AG, Wolhusen, 
Switzerland). 
Patients received amoxicillin, starting one hour preoperatively (3 g 
Clamoxyl®, GlaxoSmithKline, Utrecht, the Netherlands) orally and 
continuing (500 mg Clamoxyl®; GlaxoSmithKline, Utrecht, the Netherlands) 
for seven days, three times daily, after surgery. Postoperatively, the patient 
received a 0.2% chlorhexidine mouth rinse (Corsodyl®; GlaxoSmithKline, 
Utrecht, the Netherlands) with which the patient had to rinse for 1 minute, 
2 times daily for 2 weeks. 
Two weeks after implant placement, the patient was allowed to wear his 
or her prosthesis again after adjustment of the prostheses with a resilient 
lining material (Soft liner; GC Corporation, Tokyo, Japan). After a 3-month 
osseointegration period, second stage surgery was performed, healing 
abutments were placed and the prosthetic procedure was initiated.
Prosthetic procedure
Custom acrylic resin impression trays (Lightplast base plates; Dreve 
Dentamid GmbH, Unna, Germany) were fabricated with openings for 
screw-retained impression copings. Impression copings were attached to 
the implants. The final complete arch impression was made with polyether 
material (Impregum F; 3M ESPE, St. Paul, Minn). 
A composite resin record base (Lightplast base plates; Dreve Dentamid 
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GmbH, Unna, Germany) with a wax occlusion rim was used to determine 
the occlusal vertical dimension and to record the maxillo-mandibular 
relationship. Acrylic resin artificial teeth (Ivoclar SR Orthotyp DCL and 
Ivoclar Vivodent PE, Ivoclar Vivadent AG, Schaan, Liechtenstein) were 
selected and arranged on the record base for a trial arrangement. A 
bilateral balanced occlusion concept was followed. 
The final superstructure for the bar group consisted of a milled titanium 
egg-shaped bar with distal extensions, screw-retained to multi-unit 
abutments (Nobel Biocare AB, Gothenburg, Sweden) (Figure 1) and an 
overdenture with built-in cobalt chromium reinforcement structure and 
gold retentive clips. The final superstructure for the locator group consisted 
of four locator attachments (Figure 2) and an overdenture with built-in 
cobalt chromium reinforcement structure with locator denture caps and 
nylon locator males. The locator abutment comprises a self-aligning double 
retention cylinder with retention surfaces on the inner and outer areas. 
A metal denture cap is incorporated in the base of the denture and, in 
this cap, nylon elements in the negative form of the abutment connect 
the prostheses with the implant. The nylon male elements are available 
in different color-coded designs with different retention forces (blue 6.7 
N [light], pink 13.4 N [medium], and clear 22.3 N [strong]). In the present 
study, all patients were initially provided with pink inserts (13.4 N; medium 
force), providing possibilities for strengthening or loosening the retention 
force. 
The overdentures were designed with full coverage of the alveolar process, 
but without palatal coverage in the maxilla. The patient was instructed in 
hygiene procedures associated with the dentures and superstructures and 
scheduled for routine maintenance recalls.
Outcome measures 
The primary outcome measure was change of radiographic peri-implant 
bone level. Secondary outcome measures were implant survival, 
overdenture survival, soft tissue conditions (plaque index, presence of 
calculus, gingiva index, sulcus bleeding index and pocket probing depth), 
patient satisfaction (OHIP-49NL, denture complaints questionnaire and 
general satisfaction score (GSS)). These parameters were scored one month 
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after placement of the overdenture (T1) and after 12 months of loading 
(T12). Patient satisfaction was scored before treatment (T0) and 12 months 
after placement of the overdenture (T12). 
Figure 1. Intra-oral view of a patient with bars. 
Figure 2. Intra-oral view of patient with locators.
Change of radiographic peri-implant bone level 
Standardized panoramic radiographs were taken at T1 and T12 (Figures 
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3 and 4). The digital images were analysed using computer software 
(Biomedical Engineering, University Medical Centre Groningen, the 
Netherlands) to perform linear measurements on digital radiographs. The 
reference line for bone level evaluation was the outer border of the neck of 
the implant. Mesial and distal bone changes in this region were considered 
as radiographic bone height change and were defined as the difference in 
bone height between the radiograph taken at T1 and the radiograph taken 
at T12. 
Figure 3. Panoramic radiograph of a patient with bars.




Implant survival was defined as the percentage of implants initially 
placed that was still present and not mobile at follow-up. Lost implants 
were scored any time after placement. Mobile implants were scored by 
percussion. For the bar group, this was assessed after removal of the bar. 
Overdenture survival  
Survival of maxillary overdentures was defined as the percentage of 
overdentures initially placed that were still present at follow-up. Remake of 
the maxillary overdenture was scored any time after placement. 
Clinical parameters 
For presence of plaque, the index according to Mombelli et al. (20) was 
used (score 0: no detection of plaque, score 1: plaque can be detected by 
running a probe across the smooth marginal surface of the abutment and 
implant, score 2: plaque can be seen by the naked eye, score 3: abundance 
amount of plaque). 
The presence of calculus (score 1) or the absence of calculus (score 0) was 
scored. 
To qualify the degree of peri-implant inflammation, the modified Löe 
and Silness index (21) was used (score 0: normal peri-implant mucosa, 
score 1: mild inflammation; slight change in colour, slight oedema, score 
2: moderate inflammation; redness, oedema and glazing, score 3: severe 
inflammation; marked redness and oedema, ulceration). 
For bleeding, the bleeding index according to Mombelli et al. (20) was used 
(score 0: no bleeding when using a periodontal probe, score 1: isolated 
bleeding spots visible, score 2: a confluent red line of blood along the 
mucosa margin, score 3: heavy or profuse bleeding). 
Probing depth was measured at four sites of each implant (mesial, labial, 
distal, and lingual) by using a manual periodontal probe (Williams Colour-
Coded Probe; Hu-Friedy, Chicago, Il, USA); the distance between the 
marginal border of the mucosa and the tip of the periodontal probe was 




Patient satisfaction with their overdenture was assessed using a validated 
questionnaire (22). This questionnaire focused on complaints and consisted 
of 54 questions. Each question could be addressed to one out of six specific 
scales. 
The six scales are: 
A. Nine items concerning functional problems of the lower denture 
B. Nine items concerning functional problems of the upper denture 
C. Eighteen items concerning functional problems complaints in general 
D. Three items concerning facial aesthetics 
E. Three items concerning accidental lip, cheek, and tongue biting (“neutral 
space”) 
F. Twelve items concerning aesthetics of the denture 
The extent of each specific complaint could be expressed on a four-point 
rating (0: no complaints, 1: little, 2: moderate, 3: severe complaints). 
All patients were also requested to fill out the Dutch oral health impact 
profile with 49 questions (OHIP-49NL). The OHIP-49NL consists of 49 items 
covering seven domains: functional limitation, physical pain, psychological 
discomfort, physical disability, psychological disability, social disability and 
handicap. The extent of each specific complaint could be expressed on a 
five-point rating (0: never, 1: rarely, 2: sometimes, 3: often, 4: very often). 
The total OHIP-49NL score ranges between 0 and 196 points. The separate 
domain scores give an impression of the level at which the effects of the 
oral problem manifest itself. A lower score indicates a better oral health 
related quality of life (OHRQoL). Next to these questionnaires, the patients 
stated their overall denture satisfaction (general satisfaction score (GSS)) 
with the upper or lower denture on a 10-point rating scale (1: very bad to 
10: excellent). The patients scored their satisfaction at T0 and T12.
Sample-size estimation
A statistical power analysis was performed for sample size estimation, 
based on an estimation of a difference between the groups of 0.4 mm in 
marginal bone loss as a relevant difference. For the standard deviation (SD) 
data from the systematic review about overdentures done by Slot et al. 
(23) was used (the used SD for the power analysis was 0.5 mm). With alpha 
= .05 and power = 0.85, the sample size needed for this between group 
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comparison is n = 46 (GPower 3.1 (24)). Our proposed sample size of 50 
was determined to be more than adequate for the main objective of this 
study and should also allow for expected attrition.
Data analysis
Inter-group differences with regard to the marginal bone loss and 
probing depth (continuous data) were analysed using the student T-test. 
Also, inter-group differences with regard to the OHIP-49NL and denture 
questionnaire scores were analysed using the student T-test. Even though 
these questionnaires with Likert scales produce ordinal data, when a Likert 
scale is symmetric and equidistant, it may nevertheless approximate an 
interval-level measurement. If interval nature is assumed for a comparison 
of two groups, the paired samples t-test is not inappropriate (25). This also 
facilitates comparison with other studies, since most authors present their 
data this way.
Intra-group differences for the scores of the marginal bone loss, probing 
depth, OHIP-49NL and denture questionnaire scores between T0 and T12 
were analysed with paired samples t-tests. 
The results of each group’s general satisfaction scores and clinical indices 
(ordinal data) were analysed with a Wilcoxon Matched Pairs Signed Ranks 
test. Inter-group differences were analysed by applying the independent 
samples Mann-Whitney U test. 
A p-value of less than 0.05 was considered statistically significant. Pairwise 
deletion was used for missing data and inter-group comparisons. List-
wise deletion was used for missing data and intra-group comparisons. All 
analyses were performed with SPSS 23.0 software (SPSS, Inc., Chicago, IL, 
USA).
Results
Baseline characteristics of the study groups are shown in Table 1. Two 
patients died before T12 and one patient was lost to follow-up (moved 
without leaving an address). Consequently, 47 patients were available for 
the 1-year evaluation: 23 patients in the locator group and 24 patients in 
the bar group. 
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Table 1. Baseline characteristics of the locator and bar group.
Group Locator (n= 25) Bar (n=25)
Mean age in years (SD, min. – max.) 60.1 (8.6, 37.5 – 75.0) 63.8(5.4, 53.0 – 72.6)
Gender (male/female) 13/12 13/12
Augmentation during implant surgery 9/18 7/14
Median plaque-index (Q1-Q3) 0 (0-2) 1 (0-2)a
Median calculus-index (Q1-Q3) 0 (0-0) 0 (0-0)a
Median gingival-index (Q1-Q3) 0 (0-1) 0 (0-1)a
Median bleeding-index (Q1-Q3) 1 (0-1) 0 (0-1)a
Mean probing depth in mm (SD) 3.7 (1.0) 4.1 (0.9)**,b
* p<0.05, ** p<0.01, *** p<0.001 Differences between study groups were tested with the a: Mann-Whitney U 
test or the b: independent Student’s t-test. 
Change of radiographic bone level 
The mean loss of peri-implant marginal bone between T1 and T12 was 
0.58±0.71 mm for the locator group and 0.31±0.47 mm for the bar group. 
The mean bone loss (Table 2) differed significantly between the groups (p = 
0.002, mean difference 0.3±0.1 mm, 95% CI [0.1 - 0.4]).
Table 2. Mean values and standard deviations (SD) of radiographic bone loss in mm 
for the locator and bar groups, and frequency distribution of bone loss 1 year after 
placement of the overdenture. 
Group Locator (n = 25) Bar (n = 25)
Mean (SD) 0.58 (0.71) 0.31 (0.47) p = 0.002**
0-0.5 mm 57% 74.5%
>0.5-1.0 mm 17.2% 15.3%
>1.0-1.5 mm 16.1% 6.1%
>1.5-2.0 mm 6.5% 3.1%
>2.0mm 3.2% 1.0%




During the osseointegration period three implants were lost in three 
patients of the locator group. Because an overdenture could still be placed 
on the remaining implants, it was decided not to replace the implants. One 
patient asked for a replacement of the lost implant after three months 
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of functioning with the three-implant overdenture. In the bar group, two 
implants in two patients were lost during the osseointegration period. 
Again, there was no need to replace the lost implants. Thus, one-year post 
loading survival rate of implants was 96.7% in the locator group and 97.9% 
in the bar group. There was no significant difference between the survival 
distributions (log rank test).
Overdenture survival
One year after implant placement, no overdentures had failed. This results 
in an overdenture survival rate of 100% for both groups.
Clinical parameters
Median scores of the indices for plaque, calculus, gingiva, and bleeding at 
the T1 were low and did not differ significantly between both groups (Table 
1). Also there was no difference between the groups at T12. The median 
change from baseline for the indices is shown in Table 3. There were no 
statistically significant differences between the groups with regard to the 
amount of change for the clinical indices. 
Table 3. Median change from baseline to the 1 year follow-up for plaque-index, calculus-
index, gingival-index, bleeding-index, and mean change for probing depth. No time-
dependent significant changes in these indices were found. The probing depth increased 
significantly for both groups.
Median change from baseline Locator group (n = 23) Bar group (n = 24)
Plaque-index (Q1-Q3)
Score 0-3
0 (-1 – 1) 0 (-1 – 1)a
Calculus-index (Q1-Q3)
Score 0-1
0 (0 – 0) 0 (0 – 0)a
Gingival-index (Q1-Q3) 
Score 0-3
0 (0 – 1) 0 (-1 – 0)a
Bleeding-index (Q1-Q3) 
Score 0-3
0 (0 – 1) 0 (-1 – 0)a
Mean change in probing depth in mm 
(SD)
0.4 (1.3) 0.3 (1.2)b
* p<0.05, ** p<0.01, *** p<0.001 Differences between study groups were tested with the a: Mann-Whitney U 
test or b: the independent Student’s t-test.
Mean probing depth was 3.7±1.0 mm for the locator group and 4.1±0.9 mm 
for the bar group at T1 (Table 3), which was significantly different between 
the groups (p=0.006, independent Students’ T-test, mean difference 
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0.4±0.1 mm 95% CI [0.1-0.7mm]) At T12 the probing depth increased 
significantly for both groups (p=0.002 for the locator group and p=0.009 for 
the bar group (paired samples-T test)). There was no significant difference 
between the groups with regard to the probing depth at T12.
Patient satisfaction 
Differences in mean scores on the patient satisfaction questionnaires and 
median scores of the GSS between the locator and bar group at T0 and at 
T12 are listed in Table 4. Differences between T0 and T12 for both groups 
are listed in Table 5. Table 4 and 5 can be found at the end of this chapter.
For the denture complaints questionnaire, all item scores improved 
significantly between T0 and T12 for both groups, except for “neutral 
space” and “aesthetics”. At T12 there were no significant differences 
between the groups.
For the OHIP-49NL questionnaire, all scores improved significantly between 
T0 and T12 for both groups. Although all scores in the locator group were 
slightly higher than those for the bar group, at T12 the item scores did not 
differ significantly between the groups. However, the total OHIP-49NL score 
at T12 differed significantly in favour of the bar group.
The GSS for the upper denture improved significantly between T0 and T12 
for both groups. At T0 the score did not differ significantly between the 
groups, but at T12 the score did differ in favour of the bar group. 
Between T0 and T12, the GSS for the lower denture improved significantly 
for the locator group. At T0 there was a significant difference between the 
groups, but at T12 this difference was no longer present.
Discussion
Based on the results of this trial with a one-year follow-up period, a 
maxillary four-implant overdenture with a bar attachment system has a 
more favourable peri-implant radiographic outcome than the overdenture 
with a locator attachment system, although the difference is small. 
Additionally, patient satisfaction with a bar attachment is higher. However, 
clinical outcomes and scores on all separate items of the questionnaires do 
not differ significantly.
Bone loss was higher around implants provided with a locator attachment 
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system supporting an overdenture. Although there is not much literature 
about maxillary four-implant overdentures on locator abutments, the 
observed amount of peri-implant bone is in line with the few other studies 
on locators (26,27). Also the amount of bone loss for the bar overdentures 
found in this study is comparable to earlier reports about maxillary bar 
overdentures (3). Recently, in vitro studies revealed that stress levels in 
surrounding bone tissues are significantly higher for four-implant maxillary 
overdentures with a solitary attachment system compared to a bar system 
(28,29). This also applies for the mandibular two-implant overdenture. In 
the study of Jofre et al. the relationship between stress levels and marginal 
bone loss was measured, and the effects of bone stress levels reported in 
that study may explain why unsplinted implants supporting a mandibular 
overdenture show more marginal bone loss compared to splinted implants 
(30). 
In a previous study it was suggested that bone loss ≥2 mm, compared to 
initial radiographs at delivery of the overdenture, in combination with 
bleeding on probing, should be interpreted as a ‘red flag’ for the clinician 
to critically evaluate if any peri-implantitis treatment is indicated in the 
individual case (31). Although the marginal bone loss for the locator group 
in the present study was higher than the marginal bone loss for the bar 
group, the amount of bone loss for this group was still well within a healthy 
range. Also, marginal bone loss should always be assessed in combination 
with bleeding and/or suppuration on probing and pocket depth, because 
a deep pocket without any bleeding and/or suppuration is classified as a 
healthy pocket (32,33). 
When designing this study a power analysis was done, which showed that 
difference of 0.4 mm between the groups was relevant. In our study we 
found a difference of 0.3±0.1 mm, with a 95% confidence interval from 0.1-
0.4mm. So there is only a chance of 5% that the true population difference 
is higher than 0.4 mm. This puts our findings in perspective regarding 
clinical relevance.
In our study the outcomes of the clinical indices were low and comparable 
between the two treatment groups, and for this reason could not 
contribute to the difference in bone loss between the groups. Additionally 
we found no evidence to support the assumption that solitary attachments 
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are easier to clean by the patient than bars and that the soft tissues and 
bone are healthier because of this (9–11). 
Two systematic reviews have shown that implant survival for a four implant 
overdenture and a bar is higher than that of an overdenture with solitary 
attachments (23,34). We found no difference between the groups in the 
present study. The implant survival rate for the bar group is slightly higher 
than the reported survival rates in these systematic reviews, but lower than 
an earlier study done by the same team using a similar treatment protocol 
with wider implants (3). The implant survival for the locator group is similar 
to that reported in other studies (26,35). A limitation of this study is that, 
to assess the implant survival, a follow-up of one year is relatively short and 
differences between groups might not jet show up.
Very low indices for plaque, calculus, gingiva, and bleeding were found 
at T1 and T12. The clinical outcomes are comparable to the other studies 
(3,36). Also the mean probing depths are comparable to other studies 
(3,37). The difference in probing depth at T1 could not be explained by the 
plaque, calculus, gingiva, and bleeding index. In a study done to evaluate 
inter- and intra-examiner variability of probing depth measurements, the 
standard error for tooth means was 0.38±0.07 mm. Consequently the 
variation between the measured mean and the actual mean is around 
0.38 mm, which is comparable to the difference in probing depth between 
the groups found in the present study. Additionally the upper bound of 
the confidence interval is 0.7 mm. Therefore, the difference found in the 
present study can be considered as very small and not clinically relevant.
In general patient satisfaction improved post-treatment. The scores of the 
denture complaints questionnaire are comparable to the scores reported in 
other studies (3,38). 
The OHIP-49NL item scores were not different between the groups. 
We found no other studies using the OHIP-49 for evaluating maxillary 
overdenture treatment. However, the scores in the present study are 
comparable to those reported in other studies on mandibular overdentures 
(39,40). The similarity in scores between these studies and the present 
study can be explained because the OHIP-49NL does not distinguish 
between maxillary and mandibular dentures, but asks about complaints in 
general and thus values overdenture treatment in general. 
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Post-treatment, the total OHIP-49NL score did differ significantly between 
the groups in favour of the bar group. We found no other studies 
comparing bars and locators using the OHIP-49. One study on ball and bar 
mandibular overdentures reported no significant differences between the 
groups, although the OHIP-14 scores for the ball overdenture group were 
higher, which is comparable to the present study (41).
If all three satisfaction measures (denture complaints questionnaire, OHIP-
49NL, GSS) are combined it can be concluded that both treatment options 
improve patient satisfaction. However, based on the total OHIP-49NL score 
and GSS, the added value of the maxillary overdenture on bars is higher 
than that of the overdenture on locators. 
Conclusion
At 12 months after overdenture placement, patients who receive a 
maxillary overdenture on four implants retained by bars opposed by a 
mandibular overdenture have significantly less peri-implant marginal 
bone loss and are more satisfied than those who are given maxillary 
overdentures retained by locators. However, clinical indices and scores on 
separate items of the denture complaints questionnaire and OHIP-49NL do 
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Background The effect of maxillary overdentures on masticatory 
performance in edentulous patients with complaints regarding their 
conventional maxillary dentures is unknown. 
Purpose To assess the change in objective masticatory performance 
(mixing ability index, MAI), patient reported masticatory performance 
(questionnaire) and patient satisfaction (GSS) after maxillary overdenture 
treatment with either locator attachments or bars.
Material and methods Two groups randomly received four-implant 
maxillary overdentures on either locator attachments (group I, n=25) or 
bars (group II, n=25). The MAI, questionnaire and GSS were scored before 
(T0) and 12 months (T12) after treatment.
Results After treatment, both groups had significantly better MAI 
outcomes, better questionnaire scores and better GSS. Post-treatment 
questionnaire scores and GSS were significantly better for group II.
Before treatment a strong, positive correlation between the MAI and the 
questionnaire was found for all patients who had had full conventional 
dentures combined (group I, n=17; group II, n=3). 
Conclusions Mixing ability was the same for all the patients treated with 
maxillary overdentures on either locator attachments or bars. Patient 
reported masticatory performance and satisfaction was better for patients 
treated with maxillary overdentures on bars. There was a correlation 
between MAI and patient reported masticatory performance in patients 




When patients are provided with conventional dentures, improvements 
are reported with regard to aesthetics, comfort and speech, but the 
improvement in masticatory performance is often unsatisfactory and 
patient satisfaction is thereby often rather low (1). A common way to try 
to improve masticatory performance and patient satisfaction is to place 
implants to retain a mandibular (2,3) and/or maxillary (4,5) denture. It 
has been shown that patients treated with implant-retained mandibular 
overdentures can chew better, (6,7) need fewer chewing cycles (8) and 
can eat hard food better (9) than patients with conventional dentures. 
Also masticatory performance and bite force are improved by overdenture 
treatment, but neither of them work at the same level as individuals with 
natural dentitions (10). However, no studies have assessed the masticatory 
performance of a full set of maxillary and mandibular overdentures yet 
(1,6,8,9,11).
A variety of methods are used to measure masticatory performance and 
the degree of breakdown can be measured using real test foods (peanuts, 
carrots, etc.) (6,12,13) or artificial materials (e.g., Optosil® and Optocal®) 
(14,15). The consistency of the latter two materials is more standardized 
than that of real test foods. Studies have shown that subjects with a 
compromised oral function are not always able to fragment the real or 
artificial test food; their maximum bite force can be below the force needed 
to break the test food particles. Other methods to assess masticatory 
performance include the evaluation of: mandibular border movements 
during chewing and chewing patterns(16); swallowing threshold(2); 
jaw muscle activity and maximum bite force(8); blood plasma levels 
of homocysteine, vitamin B12, vitamin B6, albumin, serum folate and 
C-reactive protein concentrations; questionnaires to rate the difficulty 
associated with chewing foods of various textures (1); body mass index 
(11,17); and two-coloured gum mixing ability tests (9,11). Of all these tests, 
the two-coloured wax mixing ability test is much better at discriminating 
between people with compromised masticatory performance (18). 
Therefore, this test was chosen for the current study. 
As mentioned above, no studies have assessed the masticatory 
performance of a full set of maxillary and mandibular overdentures 
(1,6,8,9,11). Therefore, the aim of our study was to assess the objective 
90
5
masticatory performance (mixing ability test), the patients’ reported 
(subjective questionnaire) masticatory performance as well as the patient 
satisfaction (general satisfaction score) with the provided maxillary implant-
retained overdentures one year after placement. These parameters were 
assessed for two groups of patients from a randomized controlled trial 
(RCT) about the treatment outcome of maxillary overdentures on a bar 




Between January 2013 and January 2016, a total of 50 consecutive 
patients were approached and included in this randomized controlled trial 
with parallel design at the Department of Oral and Maxillofacial Surgery 
(University Medical Centre Groningen, The Netherlands (UMCG)). All the 
patients were referred to the UMCG because of persistent complaints 
regarding their conventional maxillary dentures. The patients in our trial 
had to have been edentulous in the maxilla for at least one year and they 
had to have sufficient bone volume to place the implants. All the subjects 
received a written explanation of the study and written informed consent 
was obtained from each patient after a further explanation in person of the 
clinical trial. The study was approved by the Medical Ethical Committee of 
the UMCG (ABR NL43293.042.13) and was registered in the Netherlands 
National Trial Register (NTR3813). The patients were randomly divided 
into two groups by the means of sealed envelopes. Group I: patients 
receiving maxillary overdentures on a locator attachment system (n=25); 
Group II: patients receiving maxillary overdentures on a bar attachment 
system (n=25). GCB generated the random allocation sequence, enrolled 
participants and assigned participants to interventions.
Surgical and prosthetic procedures
All the surgical procedures were performed by one oral and maxillofacial 
surgeon (GMR) at the UMCG. The prosthetic procedures were 
accomplished by one prosthodontist (HJAM). Manufacturing of the 
superstructure was done by a single experienced dental laboratory. All the 
patients received 4 dental implants (NobelActive™ Narrow Platform (Nobel 
Biocare USA, LLC, Yorba Linda, CA, USA)) in the maxillary anterior region 
(group I and II). Patients who were fully edentulous before treatment had 
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two mandibular implants (NobelReplace™ Select TC (Nobel Biocare USA, 
LLC, Yorba Linda, CA, USA)) placed simultaneously as the ones in the maxilla 
(17 patients in group I and 3 patients in group II). The implants in the 
maxilla were placed according to a two-stage surgical protocol. 
After a 3-month osseointegration period, second stage surgery was 
performed and healing abutments were placed and the prosthetic 
procedures were initiated. A bilateral balanced occlusion concept was 
followed. The final superstructure consisted of a locator attachment system 
(group I) or a milled titanium egg-shaped bar with distal extensions, screw-
retained to abutments (group II), and an overdenture with, respectively, 
Locator® male self-aligns and pivots (group I) or a cobalt chromium 
reinforcement structure and gold retentive clips (19) (group II). Regarding 
the locator attachments, the nylon male elements are available in different 
color-coded designs with different retention forces (blue 6.7 N [light], pink 
13.4 N [medium], and clear 22.3 N [strong]). In the present study, all the 
patients were initially provided with pink inserts, providing possibilities for 
strengthening or loosening the retention force. The maxillary overdentures 
were designed with full coverage of the alveolar process, but without 
palatal coverage. The superstructures of the maxillary and mandibular 
overdentures placed in fully edentulous patients were the same whereby 
both overdentures had either a bar attachment system or locator 
attachments.
Outcome measures 
The primary outcome measure of this analysis was masticatory 
performance by means of the mixing ability test. The secondary outcomes 
were self-reported masticatory performance (for details of the tests see 
below) and patient satisfaction according to their general satisfaction score. 
All the parameters were scored before treatment and 12 months after 
placement of the overdenture. All the measurements were done by one 
researcher (GCB) not involved in the treatment of the patients.   
 
Mixing ability test
The mixing ability test (18,20) measures how well a subject mixes a 
tablet (diameter 20 mm), which consists of a red and a blue wax layer 
(3 mm each), after 20 chewing strokes. The wax tablets were offered to 
the subjects at room temperature (20oC). The chewed wax was rinsed, 
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dried and stored. To measure the amount of mixing, the chewed wax was 
brought up to a temperature of 28oC and placed between two sheets of 
stiff and clear foil. The sandwich of foil and wax was pressed between two 
thick brass plates to a thickness of 2.0 mm. Then, both sides of the wax 
were optically scanned using a high-quality scanner (Epson® V750, Long 
Beach, CA, USA.). The images of the wax were processed using Adobe 
Photoshop, CS3 extended (Adobe, San Jose, CA, USA.). The spread of the 
colour intensities in the combined image of both sides is the measure 
of mixing. If the wax tablet has not been chewed, one side is red and 
the other is blue (Figure 1), and the spread of the intensities of both 
colours is maximal. Chewing the tablet mixes the colours, whereupon first 
intermediate intensities appear and the more the tablet is chewed (Figure 
2), the more the spread of the intensities decreases. So, a high spread 
intensity of, for example, 30 is caused by the red and blue layers of the wax 
tablet being badly mixed, which means a low mixing performance. This 
spread is referred to as the mixing ability index (MAI).
Figure 1. Pristine wax tablet
Masticatory performance questionnaire 
All the patients were asked to complete a masticatory performance 
questionnaire.(21) In this questionnaire, patients have to rate their opinion 
about their ability to chew nine different food items on a 3-point rating 
scale (0 = good, 1 = moderate, 2 = bad). The items were grouped into three
categories: (1) ‘soft food’ (boiled vegetables and potatoes, crestless bread, 
minced meat); (2) ‘tough food’ (crusty bread, steak, Gouda cheese); (3) 
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Figure 2. Wax tablets with various degrees of mixing after chewing 
‘hard food’ (apple, carrot, peanuts). The category total score and each
item’s total score were reported. The maximum score was 18 points.
Patient satisfaction 
Patient satisfaction with the maxillary overdenture was measured with a 
general satisfaction score ranging from 0 to 10, with 0 representing a bad 
outcome and 10 a good outcome.
Data analysis
Inter-group differences with regard to the scores of the mixing ability test 
(continuous data) were analysed using the student T-test. Intra-group 
differences for the scores of the mixing ability test before and 1 year after 
treatment were analysed with paired sample t-tests. 
The results of each group’s masticatory performance questionnaires and 
general satisfaction scores (ordinal data) were analysed with a Wilcoxon 
Matched Pairs Signed Ranks test. Inter-group differences were analysed by 
applying the independent samples Mann-Whitney U test. 
Spearman’s correlation was used to determine the relationship between 
the total score of the masticatory performance questionnaire and the MAI 
outcome. A p-value of less than 0.05 was considered statistically significant. 
Pairwise deletion was used for missing data. All analyses were performed 




Fifty patients with a mean age of 62.4±7.3 years (range 37.5-75.0 years) 
were initially included in this study. 25 were placed in group I and 25 
in group II (both groups 13 male/12 female patients, mean age group I 
60.1±8.6 years (range 37.5 – 75.0 years), mean age group II 63.8±5.4 years 
(range 53.0 – 72.6 years)). Then, two patients deceased before the 1-year 
follow up and one patient was lost to follow-up (moved without leaving 
an address). Consequently, 47 patients were available for the 1-year 
evaluation: 23 patients in group I and 24 patients in group II. Pairwise 
deletion was used for missing data and inter-group comparisons. List-wise 
deletion was used for missing data and intra-group comparisons.
Three patients in group I lost one implant during the osseointegration 
phase (96.9% survival). Two patients in group II lost one implant during the 
osseointegration phase (98.0% survival). We decided to continue and used 
the remaining three implants for the construction of the superstructure. 
One patient in group I requested to replace the lost implant after three 
months of functioning with the overdenture on three implants.
Objective mixing ability test
Both groups had significantly better post-treatment than pre-treatment 
MAI outcomes (Table 1).  There was no significant difference in the 
amount of improvement between the groups (Table 1). Also, there was no 
significant difference in pre- and post- MAI outcomes between the groups 
(Table 2).
Patient reported questionnaire
Both groups had significantly better post-treatment scores on the 
masticatory performance questionnaires compared to the pre-treatment 
ones; both groups’ ability to chew soft, tough and hard foods had improved 
significantly (Table 1). However, there was a significant difference between 
the groups in the amount of improvement at the scores on the masticatory 
performance questionnaires and the ability to chew hard foods, in favour of 
group II (Table 1).
There was no significant difference between both groups’ total scores on 
the pre-treatment masticatory performance questionnaires. There was a 













































































































































































































































































































































































































































































































































































































their ability to chew hard, tough and soft foods in favour of group II (Table 
2). 
General satisfaction score
Both groups had a significantly better general satisfaction post- treatment 
than pre-treatment score (Table 1).  There was no significant difference in 
the amount of improvement between the groups (Table 1).
The inter group pre-treatment general satisfaction scores were not 
significantly different. The inter group post-treatment general satisfaction 
scores were significantly different, in favour of group II (Table 2).
Table 2.  Mean and standard deviation (SD) of the outcomes of the mixing ability index 
(MAI) and median and inter-quartile range (Q1 – Q3) of the total score the scores of the 
three items of the masticatory performance questionnaire (MPQ); and of the general 
satisfaction score (GSS) before (T0) and after treatment (T12). A comparative inter-group 
analysis.
Group I Group II
MAI - T0 20.5 (3.4) 20.2 (3.5) 0.779a
Total score MPQ – T0 8 (4-14) 9 (8-12) 0.783b
Soft food – T0 1 (0-5) 2 (1-3) 0.933b
Tough food – T0 1 (1-4) 2 (1-3) 0.792b
Hard food – T0 6 (4-6) 5 (5-6) 0.822b
GSS – T0 4 (1-6) 4 (2-6) 0.607b
MAI - T12 18.0 (1.7) 17.8 (2.6) 0.628a
Total score MPQ – T12 4 (2-7) 0 (0-3) 0.001**,b
Soft food – T12 0 (0-1) 0 (0-0) 0.043*,b
Tough food – T12 0 (0-1) 0 (0-0) 0.016*,b
Hard food – T12 3 (2-6) 0 (0-2) 0.000***,b
GSS – T12 8 (7-9) 9 (8-10) 0.041*,b
* p<0.05, ** p<0.01, *** p<0.001 Differences between study groups were tested with the independent Student’s
t-test.
Relation between patient reported (subjective) and objective masticatory 
performance
A Spearman’s correlation was run to determine the relationship between 




The pre-treatment data (group I and II) demonstrated a statistically 
significant weak, positive monotonic correlation between the MAI outcome 
and the total score of the masticatory performance questionnaires (rs = .38, 
n = 55, p = 0.002). 
The groups were combined and then split into patients with and patients 
without mandibular overdentures. The pre-treatment results of the 
patients with full conventional dentures gave a statistically significant, 
strong, positive monotonic correlation between the MAI outcome and 
the total score of the masticatory performance questionnaire (rs = .61, n = 
23, p = 0.001). The pre-treatment results of the patients with mandibular 
overdentures gave no statistically significant correlation between the MAI 
outcome and the total score of the masticatory performance questionnaire 
(rs = .18, n = 32, p = 0.160).
There was no statistically significant post-treatment correlation between 
the MAI outcome and the total score of the masticatory performance 
questionnaire (rs = .11, n = 50, p (one-tailed) 0.229).
Discussion
Wearing maxillary overdentures on four implants results in an improvement 
in objective masticatory performance, patient reported (subjective) 
masticatory performance and patient satisfaction one year after placement. 
There is a difference between maxillary overdentures with a bar 
attachment system or with a locator attachment system with regard to the 
patient reported masticatory performance and general satisfaction score in 
favour of the bar attachment system, There is no difference with regard to 
the objective masticatory performance.
As mentioned, the objective masticatory performance (mixing ability test) 
improved after treatment in both groups. This means that patients with 
maxillary overdentures can mix better than patients without maxillary 
overdentures, regardless of the type of attachment system. The patients 
of both groups also reported personally an improvement in masticatory 
performance after treatment, which means that both the patients’ 
objective and subjective results show that they can chew better. 
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To our knowledge no other study has measured the effect of maxillary 
overdenture treatment on mastication and so a comparison is not possible. 
However, studies of patients receiving mandibular overdentures with 
maxillary conventional dentures (3,7–9,22,23) reported that masticatory 
performance had improved after treatment, both objectively and 
subjectively which is in line with our results. 
In the present study, there is no significant difference between group I and 
II in the post- treatment results for objective masticatory performance. This 
is in line with other literature comparing mandibular overdentures on bar 
attachments or locator attachment systems (8,24). However, the patients’ 
inter-group post-treatment subjective results for masticatory performance 
are significantly different. Patients in group I felt an improvement in 
mastication, but this improvement is smaller than the improvement 
in group II. Post-treatment three of the patients in group II reported 
problems with chewing soft or tough foods (highest score 2, maximum 
score 6) whereas nine patients in group I reported a problem with chewing 
soft foods and ten patients with chewing tough foods (highest score 6, 
maximum score 6). Resulting in significantly different post-treatment scores 
on the masticatory performance questionnaires and with the biggest 
difference seen for the ability to chew hard foods.
It must be noticed that all patient in group I not only had a locator 
attachment system for the maxillary overdenture on four implants, but also 
for the mandibular overdenture on two implants. It has been reported that 
the stability of a mandibular overdenture with a bar attachment system is 
better than that with a locator attachment system (25). The design of the 
pivoting locator male allows a resilient connection. The retentive nylon 
locator male remains in contact with the abutment socket while its titanium 
denture cap has a full range of rotational movement over the male. When 
using two implants this results in a non-rigid connection, when using more 
than two implants the denture cap will have no possibility to move over the 
male anymore. The smaller improvement in group I for the ability to chew 
hard foods might be due to the design of the mandibular overdenture.
The patients are very satisfied with the maxillary overdenture treatment 
as represented by the general satisfaction score (median of 8 and 9 on 
a 10 point scale). The score is comparable to earlier reported studies on 
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maxillary overdentures (5). There is a difference in general satisfaction 
between a maxillary overdenture on locator attachments or a bar 
attachment system. Post-treatment, the GSS for the bar attachment system 
is slightly higher than the GSS for the locator attachment. Additionally, the 
amount of improvement does not differ between the groups. Showing 
that the evidence for additional value of a maxillary overdenture on bars 
compared to a locator attachment system to achieve a higher GSS is not 
very strong. To the knowledge of the authors there are no other studies 
published with regard to GSS comparing bar and ball attachment systems 
for maxillary overdentures and therefore a comparison with other data is 
not possible.
There is a statistically significant positive monotonic correlation between 
the subjective and objective results for masticatory performance. This 
correlation is weak for the total group, but is strong when comparing 
the pre-treatment results of the patients with complete conventional 
dentures (without any implants). No statistically significant correlation 
can be found anymore after the treatment, indicating that the worse the 
masticatory performance the better the correlation between the MAI and 
the masticatory performance questionnaire. This finding is in line with an 
earlier published study (26).
An explanation for the lack in correlation in the group with better MAI 
scores could be that the mixing ability test was developed for measuring 
differences in masticatory performance for groups of subjects with 
compromised oral functions (18), and is less suitable for subjects with 
better masticatory performance (27). The same applies to the masticatory 
performance questionnaire; this questionnaire might not discriminate 
enough between patients with better masticatory performance, as seen by 
the relatively low post-treatment scores.
Another factor contributing to the correlation between objective and 
subjective masticatory performance could be that the lower maximum bite 
force due to pain is the main contributor to the bad reports of masticatory 
performance by complete denture wearers and not due to their impaired 
mixing ability (28). It has been found that a higher bite force results in 
better chewing efficiency (29,30). However this statement mainly refers 
to methods that evaluate masticatory performance with brittle test foods, 
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which are usually hard (31). 
Patients with impaired masticatory performance often cannot chew hard 
foods at all. The method with a softer wax tablet makes the association 
between masticatory performance and maximum bite force less coherent, 
but it is certainly more representative of the type of food denture wearers 
eat (11).
Conclusion
Implant-retained maxillary overdentures improve mixing ability, patient 
reported masticatory performance and patient satisfaction. Regarding 
patient reported masticatory performance and patient satisfaction, a post-
treatment difference is seen between maxillary overdentures with locator 
attachments or a bar attachment system, in favour of the bar attachment 
system. There is a correlation between objective outcomes and subjective 
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Costs and cost-effectiveness 
of maxillary four-implant 





Objectives The purpose of this study is to estimate the costs and to 
evaluate the cost-effectiveness of four-implant maxillary overdentures on 
bars or locators in a Dutch setting.
Material and methods Two cost-effectiveness ratios were used, i.e. cost 
per OHIP-49NL point gained and cost per Mixing Ability Index (MAI) 
point gained. To assess uncertainty one-way sensitivity and probabilistic 
sensitivity analyses (OSA and PSA, respectively) were performed.
Results The total costs, calculated by using opportunity costs, were €6312 
(range: €5516 - €6893) and €4160 (range: €3676 - €4644) per patient for 
the bar and locator overdenture treatment, respectively. Cost-effectiveness 
was €113/OHIP for the bar attachment system and €83/OHIP for the 
locators. Cost-effectiveness was €2570/MAI for the bars and €1623/MAI for 
the locators. 
In the OSA the incremental cost-effectiveness ratio proved to be very 
sensitive to change in OHIP scores for both treatment options. The PSA 
showed that the bar overdenture is always more expensive and more 
effective in about two thirds of the simulations with respect to OHIP 
outcomes.
Conclusions This study showed that the total costs and cost-effectiveness 
ratios for maxillary four-implant overdentures with locators are lower 
than for bars. Although bar overdentures, in the base case, are more 
favourable when regarding the OHIP outcome, the PSA showed that for 
a significant part of the simulations this is not the case. Interpretation of 
these outcomes is hampered by the absence of formal willingness to pay 




Various attachment systems have been successfully used with implant 
overdentures (1). Dental practitioners and technicians select a system 
based on their experience and the scant available literature. These systems 
can be classified as connected and non-connected, amongst others as bars 
or locators (Zest Anchors, Inc., Escondido, California, USA) attachments. 
The bar system is often regarded as the gold standard and has proven to 
be a reliable attachment system (2). However, the initial costs of the newer 
locator system seem to be lower and the locators are easier to handle (3,4). 
Adopting the locator system could be a way to reduce health care costs 
in general.  As a matter of fact, health care costs do seem to rise every 
year (The Netherlands Bureau for Economic Policy Analysis as part of the 
“Centraal Plan Bureau”, CPB). This raise has two causes. First, along with 
increased life expectancy the total number of elderly increases as well. 
In general, elderly need more care, ergo healthcare expenditures rise. In 
addition, the proportion of the Dutch population paying for health care will 
be relatively smaller, therefore the impact of the aging population even 
increases. The raise in retirement age may only partly offset this increasing 
financial burden. In addition, over the years the number of treatment 
options and also diagnostic options rose, enabling treatment of more and 
more complex illnesses. Many new treatment options have proven to be 
more expensive, although cost reductions due to downstream savings of 
innovative treatments are sometimes claimed (5). This increasing demand, 
the associated costs, the limited funds available, and the intention to 
maintain affordable healthcare for everyone requires an efficient use of 
available resources (6).
By applying cost-effectiveness analysis (CEA) to the use of the bar or locator 
system, insight can be provided into whether the costlier treatment option 
offers sufficient added value to the patient to outweigh additional costs. In 
case of similar effectiveness, it could help health care insurance companies 
in deciding which therapies to reimburse and which not, to control 
expenditures. 
A CEA is an appropriate technique to use when the outcomes of the 
different procedures being considered can be expressed in common units 
(6). In dentistry, unfortunately, universal use of such common units is 
still grossly lacking. Authors use various outcome measures for CEAs. For 
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example quality-adjusted prosthesis years (7), general satisfaction scores 
(8), oral health related quality of life (OHRQoL) (9) and mixing ability (10). 
Mostly, because these universal outcome measures for CEAs in dentistry 
are lacking, outcome measures already available from randomized 
controlled trials (RCTs) are pragmatically used. 
The research question for the present study concerns what the costs of a 
four-implant maxillary overdenture supported by bars or locators are and 
which option would reflect the most cost-effective option.
Material and methods
From a recent RCT with one year follow up, the clinical, functional and 
patient related outcomes of the two systems (bar or locators) for maxillary 
overdentures in edentulous patients with mandibular overdentures were 
known. The locator system was slightly inferior to the bar system, with 
respect to patient-based outcomes. The clinical outcomes were also slightly 
inferior and statistically significantly different, but the outcomes for the 
locator system were well within an acceptable range, still making the 
locator system a reliable treatment option that could be considered. The 
initial costs of the newer locator system seem to be lower.
A cost study was performed for the bar overdenture treatment and the 
locator overdenture treatment. It was chosen to use opportunity costs to 
represent the actual cost price of the treatment. Additionally, also the total 
costs when using the Dutch tariffs, were reported. A CEA was performed 
with the parameters that were available. The score on the oral health 
related impact profile (OHIP-49NL) (11) was used as an oral health related 
quality of life outcome measure. Additionally the score on the Mixing 
Ability Index (MAI) (12,13) was used as a functional outcome measure.
Patient population 
All patient data was retrieved from a RCT comparing two different 
attachment systems, namely bars and locators, to support four-implant 
maxillary overdentures in patients presenting with complaints regarding 
the retention and/or stability of their maxillary overdenture. The Medical 
Ethical Committee of the University Medical Centre Groningen approved 
the trial (METc 2013.025, ABR NL43293.042.13) and all subjects gave 
written informed-consent prior to inclusion.  
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This RCT (inclusion January 2013 until January 2016) included 50 fully 
edentulous patients. All patients were referred to the Department of 
Oral and Maxillofacial Surgery (University Medical Centre Groningen, 
the Netherlands) because of complaints regarding the retention and/
or stability of their maxillary overdenture. Under local anaesthesia, all 
patients received four implants in the maxilla to support overdentures. 
After a healing period of three months, an experienced prosthodontist 
provided the patients with maxillary overdentures supported by a bar 
attachment system (Figure 1.) or locators (Figure 2.). Randomization was 
done by means of sealed envelopes. Patient-based and functional outcome 
measures were among the parameters of evaluation before and after 1 year 
of function.
Figure 1. Intra-oral view of the bar attachment system for a four-implant maxillary 
overdenture. 
Effect measures
One year after being provided with the maxillary overdenture, the OHIP-
49NL (11) and the MAI (12,13) were used to assess the effect of both 
treatments. The OHIP-49NL is a widely used validated questionnaire 
assessing oral health related quality of life (OHRQoL). The total score for 




Figure 2. Intra-oral view of the locator system for a four-implant maxillary overdenture
In determining the MAI, patients have to chew with 20 strokes on a wax 
tablet (diameter 20 mm), consisting of two 3 mm layers of a blue and a 
red wax. The level of color mixing was analyzed and used to determine the 
chewing efficiency. The MAI has no unit of measurement and ranges from 
about 5 until 30 (respectively a fully mixed and pristine tablet) Again, a 
higher number reflects a worse situation for the patient.
Costs
As a first step to assess the cost-effectiveness, the costs of both treatments 
were determined. Costs were estimated by calculating the opportunity 
costs of the different procedures. 
Opportunity costs refer to the benefit that a patient could have received, 
but was given up, to take another course of action. Stated differently, the 
opportunity cost of investing in a healthcare intervention are measured by 
the health benefits that could have been achieved had the money been 
spent on the next best alternative intervention. 
The Dutch guidelines for economic evaluation of health care interventions 
were used (14,15). These guidelines aid researchers and policy makers 
to perform and evaluate costing studies in economic evaluations. It 
provides reference prices for various health care services and provides 
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methodological descriptions for costing studies. Using this manual 
increases the quality of and comparability between studies. For the current 
study only direct healthcare costs were used, because in the current case 
those costs are the most important costs for decision making. The term 
direct cost refers to all costs due to resource use that are completely 
attributable to the use of a health care intervention or illness. Direct costs 
in our case include the cost of the defined intervention, all follow-up costs 
for medication and health care interventions.  
It was assumed that the implants were placed by an oral surgeon in 
hospital setting and that the overdenture was made by a general dentist 
in a private practice setting. We assumed that radiographic images in 
the hospital setting were made by the assistant of the oral surgeon and 
that radiographic images in private practice settings were made by the 
dentist and assistant. Based on this data, the costs of both treatments 
were calculated by multiplying the time costs of health care professionals 
involved by the time spend. Costs of laboratory work were based on 
the fabrication costs of a scan-prosthesis for the cone beam computer 
tomography, surgical guide, and all the necessities for fabrication of the 
superstructure and definitive overdenture. To reflect uncertainty around 
the opportunity costs, a 25% margin around the established total time 
requirements of the professionals and a 10% margin around the costs 
for the prosthodontics lab were assumed. Within this range, a uniform 
distribution was assumed.
Because all resource use occurred in the same year (2017) discounting was 
not applicable. 
Cost-effectiveness was analysed by using the cost price calculated with 
opportunity costs. Next, as a scenario the total costs using the tariff 
structure-based costs in 2017 were also added. Usually this would be a 
private person, but could also be the health care insurer. In the Netherland 
maxillary overdenture treatment is mostly paid for by the health care 
insurer and are therefore interesting to know. The costs were only given for 
a complete view of the costs and were not used for further analysis.
Cost-effectiveness
Based on effectiveness outcomes of the performed RTC two measures 
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of cost-effectiveness were applied, viz. costs per OHIP-49NL point gained 
and costs per MAI point gained. To calculate the cost-effectiveness ratio 
(CER), the cost of a treatment was divided by the change in score for that 
treatment, i.e. change in OHIP score or MAI score, using the following 
formula: CER=
When the difference in effectiveness was significantly different a 
comparison between the two treatment options was made by calculating 
the incremental cost-effectiveness ratio (ICER). The ICER was estimated by 
the following formula: 
ICER=
In layman terms it reflects the cost of additional gain in OHIP score for the 
bar system versus the locator system. 
Sensitivity analysis and cost-effectiveness acceptability curve
A one-way sensitivity analysis was performed to gain insight in the impact 
of individual parameters on the deterministic cost-effectiveness outcomes. 
Uncertainty in the deterministic value for the €/OHIP and €/MAI was 
assessed in a probabilistic sensitivity analysis (PSA). During a PSA the ICER 
is re-estimated many (in our case a thousand) times, with the values of the 
individual parameters being varied based on their assigned distribution. 
The spread in the results gives insight in the level of uncertainty and, 
for example, 95% confidence intervals can be constructed. For all the 
parameters, a beta-Pert distribution was used, with the underlying beta-
distribution being based on the mean and lower and upper 95% confidence 
interval range values. On basis of the PSA results, a cost-effectiveness 
acceptability curve (CEAC) was made. The CEAC shows the probability that 
the treatment is cost-effective, for a range of willingness to pay thresholds.  
Statistical analysis
The data was analysed with Microsoft Office Excel (2016). 
Results
Patient population
Fifty patients were included with a mean age of 60.1±8.6 years (range 
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37.5–75.0) in the locator group and of 63.8±5.4 (range: 53.0–72.6) in the 
bar group. 23 patients in the locator group and 24 patients in the bar group 
were available for the 1-year evaluation.
Effect measures
The mean gain in Oral Health related Quality of life (OHIP-49NL) was 
56.0±32.8 for the bar group and 50.3±44.7 for the locator group. This 
difference between the groups was statistically significant (p = 0.036). 
The mean improvement in chewing ability as assessed with the MAI was 
2.5±3.4 for the bar group and 2.6±3.4 for the locator group. For the MAI 
there was no significant difference between the groups.
Costs 
Using the opportunity costs, the total costs for the bar overdenture 
treatment are €6312 (range: €5516 - €6893) and for the locator 
overdenture treatment are €4160 (range: €3676 - €4644) (Table 1a). 
Using the Dutch tariffs, the total costs for the bar overdenture treatment 
are €7679 (range: €7208 - €7936) and for the locator overdenture 
treatment are €5486 (range: €5326 - €5645) (Table 1b). 
For all further analyses only the total costs calculated by the opportunity 
cost were used.
Cost-Effectiveness
The CER for the bar overdenture is €113/OHIP and €2570/MAI
The CER for the locator overdenture is €83/OHIP and €1623/MAI.
The ICER was €380/OHIP. Because the locator overdenture treatment 
was dominant for the MAI outcome, no ICER was calculated. There is no 
significant difference in MAI outcome between the two options and the 
locator treatments is cheaper, so an ICER for this outcome would make no 
sense. 
One-way sensitivity analysis and probabilistic sensitivity analyses
In the one-way sensitivity analysis, the ICER showed to be very sensitive 
to the gain in OHIP score per treatment option. A 10% range in the actual 
OHIP score for the locators resulted in an ICER of €201/OHIP - €3161/OHIP 
for the high and low OHIP value, respectively. The ICER showed to be even 
more sensitive for the OHIP gain of the bar attachment system, €192/OHIP - 
€18863/OHIP for the low and high OHIP gain value respectively. These 
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overdenture versus the locator overdenture is lower than we assumed, the 
ICER will become very high when cost difference between both treatments 
remain the same.
The impact of laboratory costs of the bar and locator system showed to be 
small. 10% reduction in the lab costs of the locator increased the ICER up 
to €408/OHIP, 10% increase of these cost lowered the ICER to €352/OHIP. 
Sensitivity analysis on the lab cost of the bar system resulted in ICERs of 
€445/OHIP and €314/OHIP for 10% reduction and 10% increase in the price 
of the production of the bar system, respectively.




wage; time spend, 
total costs)
Range Source
Labour costs oral 
surgeon






assistant of oral 
surgeon
€48.23, 135 minutes, 
€108.52





€68.21, dependent on 
labour costs of oral 
surgeon and assistant, 
€193.43
25% range as a result 
of time range for oral 
surgeon and assistant 
€145.07 - €241.78
(14)
Labour costs dentist 
and assistant


















implants (incl. 6% 
VAT)






Bar: €5516.43 - 
€6893.06




Table 1b. Costs from a payer perspective for the bar- and locator overdenture.
Cost parameter, 
payer perspective
Price (2017) Range Source
Tariff oral surgeon €2003.31 No uncertainty range, 
these are fixed prices.
University Medical 
Centre Groningen, De-
partment of Oral and 
Maxillofacial surgery 
Tariff dentist Bar: €661.33
locator: €619.88
No uncertainty range, 



















€1268.00 Fixed price Nobel Biocare AB, (25)
Total costs (tariff) Bar: €7678.70
locator:
€5485.77




Additionally, a PSA was performed to assess the uncertainty of the 
deterministic values of the €/OHIP. In figure 3 the results of the re-
estimation of the ICER is shown. The red dot represents the mean value, 
the other dots are the results of the PSA, showing the uncertainty of the 
mean value. 
The graph shows that for all simulations the costs of the bar system exceeds 
the costs of the locator system. However, the gain in OHIP points for the 
bar system is not always higher than the gain for the locator system, as 
almost 30% of the simulations had a negative incremental OHIP gain, i.e. 
in these cases the costs of the locators were lower and the locator systems 
performed better regarding the OHIP gain.
As a result of the CEAC it can be said that the with respect to the OHIP 
outcome there is a probability of 95% that the bar overdenture is cost-
effective when payers are willing to pay a maximum of €135/OHIP and for 
the locator overdenture this is €109/OHIP (Figure 4).
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Figure 3. PSA plot to compare costs of the bar and locator system for the OHIP-49NL effect 
measure. The red dot represents the mean value.
Figure 4. A cost-effectiveness acceptability curve for the €/OHIP-point threshold
 
For the MAI outcome, these values are €4000/MAI for the bar overdenture 
and €2600/MAI for the locator overdenture (Figure 5).
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For the MAI outcome, these values are €4000/MAI for the bar overdenture 
and €2600/MAI for the locator overdenture (Figure 5).
Figure 5. A cost-effectiveness acceptability curve for the €/MAI-point threshold
Discussion
Nowadays the gold standard for maxillary overdenture treatment is the use 
of bars as an attachment system. These bars are expensive and cheaper 
options, such as locators, are available. However the effectiveness of 
these options is lower than that of the bar system. In this study it was 
observed that a maxillary overdenture on bars costs more than a maxillary 
overdenture on locators. However, the locator overdenture is more cost-
effective regarding oral health related quality of life.
The first part of the research question in this study was about the costs 
of a four-implant maxillary overdenture supported by bars or locators. To 
answer this question the cost price, calculated using opportunity costs, 
was mentioned. For policy purposes, study comparability is enhanced by 
adopting opportunity costs as a norm. For this study only direct healthcare 
costs were considered. For overdenture treatment the direct healthcare 
costs are most important, because hardly any indirect healthcare costs or 
non-healthcare costs are involved for both treatments. Additionally, exact 
indirect healthcare and the non-healthcare costs were not recorded for the 




Besides the cost price with opportunity costs, also the total costs using 
the Dutch tariffs were mentioned to give insight into the costs of the 
treatments for the Dutch reimbursement system/patient. These tariff costs 
for the maxillary overdenture treatment are higher than the opportunity 
costs. This was also seen for an implant supported removable partial 
denture in the study of Jensen et al. (10) An explanation for this could 
be the difficulty of estimating the total opportunity costs. Costs for the 
laboratory work and implants are the same for both perspectives, so 
the cause of the difference in total costs lies in the difference between 
opportunity costs for the labour time of the health care professionals 
involved and the tariffs for these actions. When looking at table 1a and 1b, 
it is seen that the biggest difference in costs between the two perspectives 
is the difference in costs of the oral surgeon, assistant and overhead costs. 
An explanation for higher tariff costs for the oral surgeon is that the tariffs 
include integral costs, including capital charges, consisting of a fee for 
medical specialists and hospital expenses. So, in a hospital setting, the tariff 
costs not only included the hourly wage for the surgeon but also costs like; 
costs for secretaries, cleaners, scientists, directional board, and for macro 
budgeting and income policies. These costs were not considered in our cost 
estimation for the societal perspective, because no appropriate estimation 
could be made due to lack of information, explaining the difference.
The second part of the research question was about cost-effectiveness. 
The CER for the bar overdenture is €113/OHIP and €2570/MAI. The CER for 
the locator overdenture is €83/OHIP and €1623/MAI. Another study also 
done in the Netherlands(10) reported an ICER for an implant supported 
removable partial denture in comparison with a conventional partial 
denture. The CERs for the implant supported partial denture only can be 
calculated and was €132/OHIP (€2480 for the implant supported partial 
denture divided by 18.8 points difference in OHIP outcome). This calculated 
CER is in the same range as the CERs of the current study; however no 
clear comparisons can be made between the two, because of the different 
baseline characteristics of these patient groups. 
In the absence of clear common units in dentistry, for this study the 
OHIP-49NL and MAI were used respectively as a subjective and objective 
outcome measure. The OHIP-49NL is a validated instrument (11) that 
measures oral health related quality of life. The MAI is an objective way 
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to measure chewing function. With these two outcomes a wide range of 
dentistry related outcome measures is covered. 
It is reported that a generic instrument, like the Short Form-36, would be 
a better outcome measure for economic evaluations (16). With a generic 
instrument the quality of life can be measured to value the effect of 
treatments between different illnesses. When you add a time parameter 
also the quality adjusted life years (QALYs) can be calculated. QALYs are 
the gold standard to value health care effects for cost-effectiveness studies 
as this metric makes it possible to compare two health technologies with 
each other without common outcomes, such as a lifesaving treatment 
versus a non-lifesaving treatment (16). However in dentistry oral health 
related quality of life measures seem to provide more easily interpretable 
results than health related quality of life measures and should be preferred 
when assessing treatment effects in typical dental patients (17). For the 
assessment of oral health related quality of life, it is suggested that the 
OHIP (a disease-specific measure) can discriminate between clinically 
disparate groups, while the SF-36 (a generic-specific measure) does not. 
(18) The OHIP can measure the impact of oral conditions on functional and 
psycho-social well-being and is likely to be effective in identifying patients 
who may benefit from implant-related procedures.  
In the one-way sensitivity analysis one parameter is varied (in the current 
study 10% higher or lower) to assess the effect on the outcome (the ICER 
comparing the bar and locator overdenture). In the current study it was 
found that changes in the OHIP outcome for the locator, but even more for 
the bar overdenture, had the biggest impact on the ICER. The laboratory 
costs did not influence the ICER much. This is explainable, because the 
denominator in the fraction for the ICER is the difference in OHIP outcome, 
which is very small (about 6). When we change the outcome for the OHIP 
for one of the groups this denominator almost doubles or gets close to zero 
and has a big influence on the outcome this way.
In the probabilistic sensitivity analysis, the uncertainty of the deterministic 
values is assessed. For the OHIP outcome about two thirds of the point 
estimations are in the northeast quadrant, meaning more costs for the bar 
overdenture but also more gains for the change in OHIP score. Meaning 
that for the other approximately one third of the simulations for bar 
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overdentures more money is spent, but the health benefits regarding 
satisfaction are the same or lower than when these patients were provided 
with a locator system. A decision should be carefully made, whether one is 
willing to pay the additional amount of money while for approximately one 
third of the simulations the bar attachment system is not cost-effective. 
The CEAC shows that with a probability of 95% the bar overdenture is 
cost-effective when payers are willing to pay a maximum of €135/OHIP 
and for the locator overdenture this is €109/OHIP. For the MAI outcome, 
these values are €4000/MAI for the bar overdenture and €2600/MAI for 
the locator overdenture. When the willingness to pay thresholds are lower, 
the probability that the treatment options are cost-effective decreases. 
Because no willingness to pay thresholds for these outcomes are known in 
the Netherlands, no conclusions can be drawn. 
Limitations
The answers to our research question are subject to uncertainty due to 
various factors. Firstly, for calculating the opportunity costs we did not 
consider any treatment errors like, re-implantations due to implants not 
osseointegrating or more than one try in session for the fabrication of the 
denture. This would raise the total opportunity costs for the bar and locator 
overdenture. However probably, the cost would rise equally for both 
treatment types, because it is likely that treatment errors will occur equally 
for both treatment types.
Secondly, to calculate the total opportunity costs only the primary costs are 
included. In this study we did not consider any aftercare costs. Ideally, the 
time horizon of a cost-effectiveness study should cover the entire period 
over which the interventions may influence either clinical or economic 
outcomes. For the current study this means that aftercare costs will need to 
be considered. There are a few studies known about aftercare comparing 
the bar and locator attachment system. Two studies report less aftercare 
for locator systems (19,20). One study reports that aftercare for the locator 
system was frequent but easy to handle. All studies focus on mandibular 
overdentures instead of maxillary overdentures. Not much is known about 
aftercare for maxillary overdentures with a locator system in comparison to 
the bar system. Further cost-effectiveness studies about this topic should 
focus more on the long-term outcomes, because aftercare could be of 
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influence on the clinical and economical outcomes.
Thirdly, we assumed that implants were placed by an oral and maxillofacial 
surgeon under local anaesthesia. In practice, also implant dentists could 
be placing implants, lowering the total costs. A factor that could be 
raising the total costs is the fact that it is possible that patients need bone 
augmentations prior to implant placement under general anaesthesia. Like 
for the first limitation, it is likely that this uncertainty is similar for both 
treatment types. Meaning that this fact is altering the conclusion about 
costs, but not about cost-effectiveness.
Conclusion
The total costs (using opportunity costs) for the bar overdenture treatment 
are €6312 (range: €5517 - €6893) and for the locator overdenture 
treatment are €4160 (range: €3676 - €4644).
The CER for the bar overdenture is €113/OHIP and €2570/MAI. The CER for 
the locator overdenture is €83/OHIP and €1623/MAI.
Although bar overdentures, in the base case, are more favourable when 
regarding the OHIP outcome, the PSA showed that for a significant part 
of the simulations this is not the case. Changes in OHIP outcomes had 
the biggest impact on the ICER. It must be noticed that the choice for a 
particular treatment option cannot only be based on cost-effectiveness; 
clinical performance should also be taken into account.
Further cost-effectiveness studies about this topic should focus on the 
long-term outcomes, because aftercare could be of influence on the 
patient centred, functional and economical outcomes. Furthermore, 
the development of a way to translate OHIP scores to QALY scores and 
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Choices in attachment 






Background Lack of retention and stability of a conventional maxillary 
denture can usually be solved by fabricating an implant-supported 
maxillary overdenture. Selecting the best fitting attachment system 
can be challenging however. Each system has its own advantages and 
disadvantages. 
Case presentation These case reports illustrate when to use a bar 
attachment system and when to use a locator attachment system.
Conclusions Nowadays, planning software can be used to determine the 
available space and can be a really helpful tool to determine whether a 




Nowadays, dental implants can eliminate many problems reported by 
conventional denture wearers. Totally edentulous ridges can be restored in 
various ways. An implant-supported overdenture is one of the options. It 
improves retention and stability of the denture and reduces or eliminates 
pain during mastication (1–3). Support by implants does not only eliminate 
problems, but also clearly improve patient satisfaction, improve chewing 
efficiency and increase maximum bite force (4). An implant-supported 
overdenture requires fewer implants than a fixed full denture, also oral 
hygiene is easier (5), better aesthetics and phonetics can be achieved and 
last but not least costs are lower. Al these factors result in the overdenture 
being an attractive treatment solution to a large number of patients. 
Various attachment systems have been successfully used for implant-
supported overdentures in recent years. These systems can be classified 
as bars, ball and locator attachments. Dental practitioners and technicians 
select attachment systems based on clinical outcomes (6), but also on 
available space (7).  
Overdentures with a bar attachment system is a therapeutic option that 
offers many advantages for patients with a severely reabsorbed edentulous 
ridge. Bars offer good retention capacity, have low maintenance costs, 
provide correct dimensions, and allow simple insertion and removal of the 
denture (8). 
Ball attachments can be used with different matrices. Attachment design 
and the choice of material used for the retentive part of the matrix 
influence the friction grip and thus the need for aftercare (9). It has been 
reported that for mandibular overdentures ball attachments need more 
aftercare then bar attachments (10,11). When comparing ball and locator 
attachments in de mandible and maxilla, the ball attachments also have 
more prosthodontics complications (12). There are no differences between 
ball or locator attachments for patient satisfaction and peri-implant 
parameters after 1 year (13). Therefor the locator attachment system is 
preferred over the ball attachment system.
The locator attachment system (Zest Anchors, Inc. homepage, Escondido, 
CA, USA) was introduced in 2001 and is a self-aligning implant attachment 
system. When maintenance, repair or replacement is needed, this can 
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be done quickly, the procedures are straightforward and it can mostly be 
done chair side (14). This in comparison to repair and replacement of a bar 
superstructure, which mostly takes more time and is more complicated. 
The amount of prosthetic complications for the different attachment 
systems seem to be equal for the maxillary overdenture (15). However, the 
amount of literature on this topic is limited, and therefor this cannot be 
said with certainty (1).
Amongst others, the reason for choosing a specific attachment system 
depends on available space. The height needed for the locator attachment 
system is less than for the bar attachment system. The total attachment 
height for the locator is about 4 mm (collar attachment, male and metal 
framework). The height for a bar is at least 7 mm (bar with clips and 
metal framework). However a bar can be designed angulated and locator 
attachments are always straight. This straight design can cause problems 
if anteriorly placed implants are angulated to the buccal side, whereas an 
individually designed bar can also be angulated. So, the advantage of less 
height needed for a locator attachment, is sometimes cancelled out by 
limitations in the horizontal plane. 
Digital planning software can be a helpful tool to get insight in available 
space. And ideally, the workflow should be in backward-planning beginning 
with an ideal position of future denture teeth. Two cases are described 
with different amounts of space available for attachment possibilities for 
overdenture treatment.
Clinical case 1
A 56-year old edentulous woman was referred by her dentist to the 
Department of Oral and Maxillofacial Surgery (University Medical Centre 
Groningen, University of Groningen, Groningen, The Netherlands) with 
complaints concerning her removable denture in the maxilla. Clinical 
and radiographic examination revealed a moderately resorbed maxilla, 
with adequate bone volume in the anterior area of the maxilla to place 
implants without a separate augmentation procedure. There was enough 
vertical and horizontal restorative space to house the full range of implant 
overdenture attachment systems (bar, ball and locator attachments).
Implant-supported denture seemed to be reliable options to fulfil the 
patient’s demands. The patient provided informed consent for the 
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following treatment plan: the placement of 4 implants in the maxilla; and 
the fabrication of an implant-supported overdenture after a 3-months 
osseointegration period.
First stage surgery
An oral and maxillofacial surgeon inserted four dental implants 
(NobelActive™ Narrow Platform (Nobel Biocare USA, LLC, Yorba Linda, 
CA, USA)) with a diameter of 3.5 mm in the maxillary anterior region. 
In a two-stage procedure and with the help of a surgical template the 
implants were placed at crestal bone level (positions 13, 11, 21, 23). Bone 
harvested from the maxillary tuberosity, organic bovine bone (Bio- Oss®; 
Geistlich Pharma AG, Wolhusen, Switzerland), and a resorbable membrane 
(Bio-Gide®; Geistlich Pharma AG, Wolhusen, Switzerland) was used to 
cover small dehiscence’s and fenestrations.  Amoxicillin was given to the 
patient, with the first dose orally one hour preoperatively (3 g Clamoxyl®; 
GlaxoSmithKline, Utrecht, the Netherlands) and postoperatively 3 times 
a day for seven days (500 mg Clamoxyl®; GlaxoSmithKline, Utrecht, the 
Netherlands). Also the patient received a 0.2% chlorhexidine mouth rinse 
(Corsodyl®; GlaxoSmithKline, Utrecht, the Netherlands) 1 minute, 2 times 
a day for 2 weeks. Two weeks after implant placement, the patient was 
allowed to wear her dentures again after adjustment of the denture with a 
resilient lining material (Soft liner; GC Corporation, Tokyo, Japan). 
Second stage surgery
The oral and maxillofacial surgeon performed the second stage surgery 
after a 3-months of osseointegration and healing abutments were placed 
(NobelActive™ NP healing abutment; Nobel Biocare USA, LLC, Yorba Linda, 
CA, USA). The prosthodontist adjusted the denture in the area of the 
healing abutments and relined it again with a resilient lining material. The 
patient was given oral hygiene instructions to clean the healing abutments.
Prosthetic procedure
After this, prosthetic procedures were initiated. A preliminary impression 
was made by using a stock metal tray (Schreinemakers; Clan Dental 
Products, Maarheeze, The Netherlands) and irreversible hydrocolloid (Cavex 
CA 37; Cavex Holland BV, Haarlem, The Netherlands). The  impression 
was poured with Type IV stone (GC Fujirock EP; GC Europe NV, Leuven, 
Belgium), and a custom acrylic resin impression tray (Lightplast base plates; 
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Dreve Dentamid GmbH, Unna, Germany) was fabricated with openings for 
screw-retained impression copings (NobelActive™ NP Impression Coping 
Open Tray; Nobel Biocare USA, LLC, Yorba Linda, CA, USA). These were 
placed on the implants and were attached with the integral positioning 
screw. The tray was placed over the impression copings and any contact 
between the copings and the tray was eliminated to allow the tray to rest 
firmly on the denture bearing mucosa with the positioning screws exiting 
through an opening in the tray. Border moulding of the tray was done using 
a resin material (ISO functional; GC Europe NV, Leuven, Belgium). 
The final complete arch impression was made with polyether material 
(Impregum F; 3M ESPE, St Paul, Minn). The impression material around 
the impression copings was placed with a syringe. The tray was filled 
with impression material and placed on the alveolar process. During 
polymerization, the positioning screws of the impression copings were 
uncovered to facilitate removal of the impression. After removal of the 
tray, the copings were connected to implant analogs (Implant Replica 
Conical Connection RP, Nobel Biocare USA, LLC, Yorba Linda, CA, USA), 
and the definitive cast was poured with Type IV stone (GC Fujirock EP; GC 
Europe NV, Leuven, Belgium). In this way the implant location and the 
denture bearing area were reproduced. A composite resin record base 
(Lightplast base plates; Dreve Dentamid GmbH, Unna, Germany) with a 
wax occlusion rim was used to determine the occlusal vertical dimension 
and to record the maxillomandibular relationship. The position of the wax 
rim was stabilized with addition silicone paste (Futar D; Kettenbach GmbH, 
Eschenburg, Germany) and transferred to an articulator (Artex; Girrbach 
Dental GMBH, Pforzheim, Germany). Ceramic artificial teeth (SR Vivodent 
PE; Ivoclar Vivadent, Schaan, Liechtenstein) were selected and arranged 
on the record base for a trial arrangement. After completion of the tooth 
arrangement, the trial denture was evaluated and corrected, as needed. 
A balanced lingualized occlusion was developed with the ceramic teeth. 
The aesthetics, phonetics, centric relation, occlusion, and occlusal vertical 
dimension were verified and the final arrangement was approved by the 
patient. With the patient it was agreed to use a bar-clip attachment as first-
choice option to support the overdenture. The patient already had a bar-




Figure 1. 3D model of the maxilla
 
Figure 2. Lateral view of the 3D model with the designed bar 
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 Figure 3. 3D model with the designed bar
 Figure 4. 3D model with definitive denture in place
The dental laboratory technician digitized the casts and arrangement, and 
designed an ovoid bar, clips and reinforcement on the implant analogs 
(Exocad® GmbH, Darmstadt, Germany) (Figs. 1-4). 
It appeared that there was enough restorative space to house bar, clips and 
reinforcement structure, confirming that the first-choice option of patient 
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and prosthodontist was possible. The file was sent to a superstructure 
milling company (ES Healthcare NV, Hasselt, Belgium) to mill the maxillary 
and mandibular bars from titanium. After receiving the milled titanium bar, 
they were placed on the original cast (Fig. 5). 
Figure 5. Definitive model with the bar attachments in place
Gold retentive clips (Cendres & Métaux, Biel/Bienne, Switzerland) were 
selected to fit on the bars. A refractory duplicate cast was made by 
using a silicone template material (Elite Double 22; Zhermack SpA, Badio 
Polesine, Italy). The framework pattern was waxed on the refractory cast.  
The modelled framework was cast in cobalt chromium (Vitalium PH2; 
Elephant-Dental BV, Hoorn, The Netherlands). The retention clips were 
laser welded under direct vision onto the reinforcement structure. The 
reinforcement structure was integrated in the acrylic resin (MegaCRYL N, 
Megadental GmbH, Büdingen, Germany) of the overdenture. The denture 
was processed and finished (Fig. 6).
The milled bars were placed onto the implants, the attachment screws 
were tightened to 35 Ncm, and the denture was inserted. The patient was 
instructed in hygiene procedures associated with the dentures and the bars 
and scheduled for routine maintenance recalls. After one year the patient 




A 65-year-old edentulous man was referred by his dentist to the 
Department of Oral and Maxillofacial Surgery (University Medical Centre 
Groningen, University of Groningen, Groningen, The Netherlands) with 
complaints concerning his removable denture in the mandible and maxilla. 
Figure 6. View of intaglio surface of maxillary overdenture with chromium alloy structure 
and gold retentive clips.
Clinical and radiographic examination revealed a moderately resorbed 
maxilla and a moderately resorbed mandible. There was adequate bone 
volume in the maxilla to place implants in the anterior area. Vertical 
restorative space was not abundant. It was estimated that a bar attachment 
system would be too voluminous, so the patient was proposed to apply a 
solitary attachment system in both maxilla and mandible.  
The patient provided informed consent for the following treatment plan: 
the placement of 4 implants in the maxilla and 2 implants in the mandible; 
and the fabrication of implant-supported overdentures after a 3-months 
osseointegration period. The locator attachment system was used due to 
the limited intermaxillary space.
First stage and second stage surgery
First and second stage surgery were performed, using the same protocol 
as described for the previous case. With the only difference that, besides 
the four implants (NobelActive™ Narrow Platform (Nobel Biocare USA, LLC, 
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Yorba Linda, CA, USA)) in the maxilla, also two implants in the mandible 
(NobelReplace™ Select Tissue Colar (Nobel Biocare USA, LLC, Yorba Linda, 
CA, USA)) were placed. In order to use the proposed solitary attachment 
type, it is most important to place the implants as parallel as possible. The 
retentive force of solitary attachment types decreases with an increase in 
implant inclination (16).
Prosthetic procedure
The prosthetic procedures are generally the same as for the previous case, 
but with a few exceptions. The first one is that after making the definitive 
cast, locator attachments of appropriate height were selected and placed 
on the implants. The Composite resin record bases (Lightplast base plates; 
Dreve Dentamid GmbH, Unna, Germany) were produced with black 
processing male nylon caps (Zest Anchors, Inc. homepage, Escondido, CA, 
USA) to attach to the locator attachments. And instead of gold retentive 
clips, locator denture caps were laser welded onto the reinforcement 
structure. The dental laboratory technician digitized the casts with locator 
attachments and arrangement, and checked available space for locator 
denture caps and the reinforcement structure (Sensable®, 3D systems Inc., 
Atlanta, GA, United States) (Figs. 7-9). It appeared that there was enough 
restorative space to house denture caps and reinforcement structure, 
confirming that the proposed option of solitary attachments was possible.
Figure 7. 3D model with locator attachments, reinforcement structure and denture in place
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Figure 8. 3D model with locator attachments, reinforcement structure and denture in place
Figure 9. 3D model with definitive denture in place
The locator attachments were placed onto the implants (Fig. 10), tightened 
to 30 Ncm with a calibrated torque wrench. Nylon elements in the negative 
form of the attachment connect the denture with the implant. The nylon 
male elements are available in different color-coded designs with different 
retention forces (blue 6.7 N [light], pink 13.4 N [medium], and clear 22.3 
N [strong]). In this case, the patients was  initially provided with two dual 
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retention pink males  (3lbs; medium force) and two red extended range 
males (1lbs, medium force), providing possibilities for strengthening or 
loosening the retention force (Fig. 11).
The patient was instructed in hygiene procedures associated with the 
dentures and the locators and scheduled for routine maintenance recalls. 
After one year the patient was still satisfied.
Figure 10. Definitive model with locator attachments
Figure 11. View of intaglio surface of maxillary overdenture with chromium alloy structure, 




This clinical report describes two edentulous patients treated with 
implant overdentures. The different reasons for choosing the appropriate 
attachment type are described. For one patient there was abundant 
intermaxillary space and it was chosen to use the bar attachment system. 
For the other patient there was limited space, the positioning of the 
implants was appropriate and the locator attachment system could be 
used. The use of planning software can be very advantageous to determine 
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In the PhD research described in this thesis, the performance of maxillary 
overdentures supported by four dental implants, with regard to patient 
satisfaction, masticatory performance, impact of implant dehiscences at 
surgery, clinical and radiographic outcome, costs and choice of attachment 
system was studied. In general, it can be said that a four-implant maxillary 
implant overdenture, supported by either a locator attachment system 
or a bar attachment system, is a good treatment option for patients with 
complaints about stability and retention of their conventional denture. The 
various parameters involved will be discussed below.
 
Patient satisfaction
Patients are very satisfied with maxillary overdenture treatment as 
reflected by the outcomes of satisfaction questionnaires and general 
satisfaction scores found in the systematic review and our randomized 
controlled trial (Chapter 2 and 4). The satisfaction scores derived from our 
randomized controlled trial are comparable to earlier reported studies 
on maxillary overdentures (1,2). Moreover, there was no difference in 
experienced satisfaction between a maxillary overdenture on locators 
or bars, except for two parameters (general satisfaction score and total 
OHIP-49NL score). Post-treatment, the general satisfaction score for the 
locator group was 8 (Q1-Q3: 7-9) and for the bar group it was 9 (Q1-
Q3: 8-10). Additionally the total OHIP-49NL score for the locator group 
was also significantly higher (36.6±36.7) than that of the bar group 
(18.4±17.5), indicating a better oral-health quality of life for the bar group. 
When combining all three satisfaction measures (denture complaints 
questionnaire, OHIP-49NL, general satisfaction score) it can be concluded 
that both treatment options significantly improve patient satisfaction, 
but with a higher overall experienced satisfaction by patients treated 
with a maxillary overdenture on bars. The separate items for the denture 
complaints questionnaire and the separate items for the OHIP-49NL did not 
differ significantly, however, but again a trend for better scores for the bar 
overdenture was observed. Nevertheless, the amount of improvement with 
regard to satisfaction is similar (but not the same) for both groups, making 
the locator overdenture still a good treatment option to improve patient 
satisfaction.
Function
Patients with maxillary overdentures can mix food better than patients 
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without maxillary overdentures, regardless of the type of attachment 
system. On a masticatory performance questionnaire, patients receiving 
maxillary overdentures on bars or locators reported an improvement in 
masticatory performance after treatment, which means that both the 
patients’ objective and subjective results show that they can chew better 
after maxillary overdenture treatment with either bars or locators (Chapter 
5).
To our knowledge no other study has measured the effect of maxillary 
overdenture treatment on mastication making a direct comparison not 
possible. However, studies of patients receiving mandibular implant 
overdentures with maxillary conventional dentures (3–8) reported that 
masticatory performance had improved after treatment, both objectively 
and subjectively which is in line with the  results of the present study.
There is no significant difference between a bar and a locator maxillary 
overdenture with regard to objective masticatory performance as 
measured by a mixing ability test (Chapter 5). This is in line with other 
literature comparing mandibular overdentures on bar attachments 
or locator attachment systems (5,9). However, subjective results for 
masticatory performance post-treatment are significantly different between 
bar or locator overdentures. Patients with locator overdentures felt an 
improvement in mastication, but this improvement is smaller than the 
improvement reported by patients with bar overdentures. The biggest 
difference between the groups is seen for the reported ability to chew 
hard foods. It must be noticed that all patients with a locator maxillary 
overdenture not only had locators to support the maxillary overdenture 
on four implants, but also locators for the mandibular overdenture on 
two implants. It has been reported that the stability of a mandibular 
overdenture with a bar attachment system is better than that with a 
solitary attachment system (10). The design of the pivoting locator male 
allows a resilient connection. When using two implants, this results in a 
non-rigid connection. When using more than two implants the denture 
cap will have no possibility to move over the male anymore. The smaller 
improvement for the ability to chew hard foods seen after overdenture 
treatment with locators might be influenced by the non-ridged connection 




Placing implants with a dehiscence of the implant surface in the maxilla 
to support a maxillary overdenture does not result in worse per-implant 
health and implant survival when the implants are placed with primary 
stability and the dehiscence is covered with autologous bone (harvested 
from the maxillary tuberosity), anorganic bovine bone and a resorbable 
membrane (Chapter 3). This eliminates the need for a separate bone 
augmentation procedure, thus reducing morbidity and speeding up 
prosthodontic rehabilitation. 
The incidence of complications, such as sensory deficits in the lower lip and 
mental foramen area when using intraoral donor sites, is more significant 
for the mandibular symphysis and the ramus area than for the maxillary 
tuberosity (11,12). This observation is in line with the results of the 
described study in this thesis (Chapter 3), as harvesting from the donor site 
(the maxillary tuberosity) did not cause complications. Another advantage 
of choosing the tuberosity as the donor site is that harvesting of bone can 
be done through the same extended incision as for the insertion of the 
implants.
Implant survival rate 
In this thesis the implant survival rates for maxillary overdentures on 
bars and locators were determined (Chapter 4). There was no difference 
between the bar and locator overdentures with regard to implant survival. 
In two systematic reviews it was found that  implant survival for a four- 
implant overdenture and a bar is higher than that of an overdenture 
with solitary attachments (13,14). Even though there was no statistical 
significant difference between the locator and bar group, the implant 
survival rate tended to be higher in the bar group, which is in line with 
the findings of the two reviews. However, the solitary attachment systems 
included in these reviews did not include locators, but only ball attachment 
systems. 
When comparing the survival rates to other studies, the implant survival 
rate for the bar group seemed to be a bit higher than the reported survival 
rates in two systematic reviews (13,14), but lower than an earlier study 
done by the same team using a similar treatment protocol with wider 





Bone loss was significantly higher around implants supporting an 
overdenture with the locator system (chapter 4). The mean loss of peri-
implant marginal bone was 0.58±0.71mm for the locator group and 
0.31±0.47mm for the bar group after 12 months. There is not much 
literature about maxillary four-implant overdentures on locator abutments, 
however, the observed amount of bone loss does not deviate much from 
the few other studies on maxillary overdentures on locator abutments 
(15,17). Also the amount of bone loss for the bar overdentures observed 
in this study is comparable to earlier reports (2). The found difference 
between the groups is 0.3±0.1 mm, with a 95% confidence interval from 
0.1 - 0.4 mm. So there is only a chance of 5% that the true population 
difference is higher than 0.4 mm, putting this finding in perspective with 
regard to clinical relevance.
The cause of the difference between locator and bar in the present study 
might be found in the fact that the implants are not splinted when using 
locator abutments. Recently, in vitro studies revealed that stress levels 
in surrounding bone tissues were significantly higher for four-implant 
maxillary overdentures with a solitary attachment system when compared 
to a bar system (18,19). For the mandibular overdenture more research can 
be found about this topic. In one study the relation between stress levels 
and marginal bone loss were measured and the effects of bone stress levels 
may explain why unsplinted implants supporting a mandibular overdenture 
show more marginal bone loss compared to splinted implants (20). 
Although the marginal bone loss for the locator group was higher, the 
amount of bone loss in patients treated with locators is still within a 
healthy range. It was suggested that bone loss ≥2 mm, compared to 
initial radiographs at delivery of the overdenture and in combination with 
bleeding on probing, should be interpreted as a ‘red flag’ for the clinician 
to critically evaluate if any peri-implantitis treatment is indicated in the 
individual case (21). The found marginal bone loss in the locator group 
is 1.62 mm smaller than the proposed ‘red flag’ margin. Also, marginal 
bone loss should always be assessed in combination with bleeding and/or 




For both the locator and bar overdenture very low indices for plaque, 
calculus, gingiva, and bleeding were found at all follow-up visits. The 
clinical outcomes are comparable to the other studies about maxillary 
overdentures (2,24). The mean peri-implant probing depths were 3.7 mm 
for the locator overdenture and 4.1 mm for the bar overdenture, which is 
comparable to other studies (2,25). Implants were surrounded with healthy 
peri-implant soft tissues, probably due to the strict oral hygiene regime to 
which patients were subjected.
Cost-effectiveness
Achieving high value for patients is a major goal of health care delivery in 
general and subsequently also for dental care. Here, ‘value’ is defined as 
the health outcomes per monetary unit spent (26). Since a uniform strategy 
is lacking in dentistry, the opportunity costs were chosen as a way to 
calculate costs, as recommended by various authors (27,28). 
For the study reported in Chapter 6 the direct health care costs were 
taken into account, since these costs are the main costs for overdenture 
treatment and therefore the most important. Besides analysing costs, 
quality assessment is the other prerequisite to determine the value of a 
treatment. Because there is hardly any information about common units in 
dentistry, for this study the OHIP-49NL and mixing ability index (MAI) were 
chosen respectively as a subjective and objective outcome measure. The 
OHIP-49NL is a validated instrument  that measures Oral Health Related 
Quality of Life (29). The MAI is an objective way to measure chewing 
function. With these two outcomes a wide range of dentistry related 
outcome measures is covered. 
The cost-effectiveness ratio (CER) and incremental cost-effectiveness 
ratio (ICER) are statistics used in cost-effectiveness analysis to summarise 
the cost-effectiveness of a health care intervention. It is defined by the 
difference in costs, divided by the difference in effect. It represents the 
average (incremental) cost associated with 1 additional unit of the measure 
of effect. The cost-effectiveness ratio (CER) for the bar overdenture is €113 
per OHIP-point gained and €2570 per MAI-point gained. The CER for the 
locator overdenture is €83 per OHIP-point gained and €1623 per MAI-
point gained. Another study also done in the Netherlands (30) reported an 
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ICER for an implant-supported removable partial denture in comparison 
with a conventional partial denture. The CERs for the implant supported 
partial denture can be calculated and was €132/OHIP (€2480 for the 
implant supported partial denture divided by 18.8 points difference in 
OHIP outcome) and €1305/MAI (€2480 divided by 1.9 points difference 
in MAI outcome). These calculated CERs are in the same ballpark as the 
CERs of the current study; however no clear comparisons can be made 
between the two, because of the different baseline characteristics of these 
patient groups. In the probabilistic sensitivity analysis, the uncertainty 
of the deterministic values is assessed. For the OHIP outcome about two 
thirds of the point estimations are in the northeast quadrant, meaning 
more costs for the bar overdenture but also more gains for the change in 
OHIP score. Meaning that for about the other approximately one third of 
the simulations for bar overdentures more money is spent, but the health 
benefits regarding satisfaction are the same or lower then when these 
patients were given a locator system. A decision about which attachment 
system to use should be made carefully. Whether one is willing to pay 
the additional amount of money while for approximately one third of the 
simulations the bar attachment system is not cost-effective, should be kept 
in mind when making the decision. 
There is no significant difference in MAI outcome between the two 
treatment options and the locator treatments is cheaper, so an ICER for 
the MAI outcome would make no sense. The underlying goal of cost-
effectiveness research is to allow clinicians and policymakers to make 
more rational decisions regarding clinical care and resource allocation. 
From the CEAC shows that with a probability of 95% the bar overdenture 
is cost-effective when payers are willing to pay a maximum of €135/OHIP 
and for the locator overdenture this is €109/OHIP. For the MAI outcome, 
these values are €4000/MAI for the bar overdenture and €2600/MAI for 
the locator overdenture. When the willingness to pay thresholds are lower 
the probability that the treatment options are cost-effective decreases. 
Because no willingness to pay thresholds for these outcomes are known in 
the Netherlands, no conclusions can be drawn.
 The choice for a particular treatment option, especially in dentistry, cannot 
only be based on cost-effectiveness, as clinical performance is another 
important factor as well.
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Recommendations for further research
In this PhD-study different aspects of maxillary overdenture treatment 
were evaluated during 1 year. Both treatment options (bar or locator 
attachments) have been found to be successful, with minimal, but 
important differences. One year is a relatively short period of time and 
therefore it is important to follow the patients in this study group during 
the next years, leading to 5- and 10-year results.
It has to be assessed whether the aftercare of the various approaches 
also will be comparable on the long run. Aftercare for implant-supported 
overdentures is an important issue (31). Differences in the amount of 
aftercare not only nuance the conclusion about whether a locator or 
bar overdenture treatment is better, but will also influence the cost-
effectiveness. With regard to cost-effectiveness analyses in dentistry, 
universal outcome measures are lacking, outcome measures already 
available from randomized controlled trials (RCTs) are pragmatically used. 
Additionally, willingness to pay thresholds for these outcome measures are 
not known. It would aid future research when general outcome measures 
and thresholds for cost-effectiveness analyses in dentistry would be set.
The locator system has evolved with the early 2016 launch of the next 
generation locator R-Tx™ Removable Attachment system. This second 
version of the locator attachment system has changed on various aspects as 
compared to the first version. The second version has an altered abutment 
design and a titanium carbon nitrite coating, possibly having an effect on 
marginal bone loss, denture stability properties and/or wear and aftercare. 
Secondly, modifications to the denture attachment housing allow the 
housing to pivot up to 30° over the seated nylon retention inserts to treat 
a maximum of 60° convergence/divergence between implants. And also 
the system utilizes only one set of retention inserts with straightforward 
retention values (zero, low, medium and high). All of these aspects could 
have an influence on the treatment outcome for maxillary overdentures 
using locator abutments. It would be advantageous to compare the 
treatment outcomes of maxillary overdentures using the first or second 
locator abutment. 
Besides choosing another attachment system, clinical and financial 
advantages can also be established by using fewer implants. A study 
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comparing the treatment outcome of a four- with a two-implant maxillary 
overdenture has not yet been published and should be explored. A two-
implant overdenture will especially be advantageous for patients that 
are medically compromised and patients that cannot undergo general 
anaesthesia required for bone augmentation procedures. Placing two 
implants will lower post-operative morbidity and make overdenture 
treatment available for more patients. This treatment option should first 
be assessed in a randomized controlled trial including relatively healthy 
patients.
Conclusion
The findings of the studies described in this thesis show that 12 months 
after overdenture placement, there is no difference between a maxillary 
four-implant overdenture on bars and a maxillary four-implant overdenture 
on locators with regard to implant survival, objective masticatory 
performance and clinical indices, while the bar overdenture performed 
better with regard to marginal bone loss and overall patient satisfaction. 
Also it was found that initial costs for the bar overdenture were higher and 
cost-effectiveness was lower in comparison with the locator overdenture.
The specific conclusions are:
• from a systematic review it appeared that treating complete   
 denture wearers with implants to support their denture improves   
 their chewing efficiency, increases maximum bite force and it clearly  
 improves satisfaction. 
• even when implants are placed with a dehiscence two thirds of the 
 buccal implant surface, favourable peri-implant health can be  
 achieved after five years, provided these dehiscences are covered 
 with autologous bone, anorganic bone and a resorbable membrane.
• the findings of a randomized clinical trial show that 12 months  
 after overdenture placement (maxillary overdenture on four 
 implants retained by bars opposed by a mandibular overdenture) 
 patients with a bar attachment system had  significantly less peri-
 implant marginal bone loss and were more satisfied than those who 
 were given maxillary overdentures retained by locators. Clinical 
 indices, scores on separate items of the denture complaints  
 questionnaire and scores on separate items of the OHIP-NL49 did   
 not differ between the two groups, however.
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• maxillary implant overdentures improve mixing ability and patient-
 reported masticatory performance. Regarding patient-reported
 masticatory performance a post-treatment difference is seen   
 between maxillary overdentures with locator attachments or a bar  
 attachment system, in favour of the bar attachment system. 
• up to one year after implant treatment, for maxillary four-  
 implant overdentures the total costs of locator attachment system 
 are lower than the total costs for the bar attachment system. The 
 cost-effectiveness ratios are lower for the locator overdenture with 
 regard to OHIP-49NL and MAI outcomes. Although bar 
 overdentures, in the base case, are more favourable with regard 
 to the OHIP score, the probabilistic sensitivity analysis showed that 
 for a significant part of the simulations the locator overdenture is 
 more favourable. Changes in OHIP outcomes had the biggest impact 
 on the ICER.
• in two clinical reports the use of planning software for determining  
 the available space is described. Prosthetic planning software can  
 be very advantageous to determine available space and 
 consequently make a definitive choice about the appropriate a
 attachment system for overdenture treatment. 
Practical implication
When treating a patient with problems of the maxillary conventional 
denture due to lack of retention or stability or due to hypersensitive 
gagging reflex, either a maxillary four-implant overdenture on bars or 
locators is a treatment option that will improve the situation for the 
patient. However, if bone loss and patient satisfaction are the most 
important aspects to value treatment success, then, based on this thesis, 
it cannot be justified that a maxillary four-implant overdenture together 
with a locator attachment system should be the system of first choice. The 
maxillary four-implant overdenture on bars performs better with regard to 
marginal bone loss and patient satisfaction. When other aspects are taken 
into account the maxillary overdenture on locators is not inferior to the 
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Currently, placement of dental implants to support a mandibular or 
maxillary denture is the treatment of choice to eliminate common 
problems reported by wearers of conventional complete dentures. 
While there is a lot of knowledge regarding the performance of implant-
supported mandibular overdentures, including the effect of patients’ 
satisfaction, implant survival, peri-implant health and number of implants 
needed to support such a denture, still some concerns remain regarding 
the performance of implant-retained maxillary overdentures (Chapter 1). 
Therefore, the general aim of the PhD research described in this thesis 
was to assess the performance of maxillary overdentures supported by 
four dental implants, with regard to patients’ satisfaction, masticatory 
performance, impact of implant dehiscences at surgery, clinical and 
radiographic outcome, costs and choice of attachment system.
In Chapter 2, the theoretical background of implant overdentures was 
addressed. It has been shown that oral function with removable dentures 
improves when dental implants are used for support. It is not yet set, 
however, what the impact of implant-retained maxillary overdentures 
is on masticatory performance, bite force, patients’ satisfaction and 
nutritional state as well as how to measure these parameters. Therefore, a 
systematically review of the literature was performed to explore outcome 
methods used to measure change in masticatory performance, bite force, 
patients’ satisfaction and nutritional state in patients with removable 
implant-retained dentures.  Medline, Embase and The Cochrane Central 
Register of Controlled Trials were searched. Fifty-three of 920 found 
articles fulfilled the inclusion criteria. Most studies included mandibular 
overdentures; only three studies included maxillary overdentures. Implant-
supported overdentures were accompanied by high patients’ satisfaction, 
but this high satisfaction was not always accompanied by improvement 
in general quality of life (QoL). Bite force improved, masseter thickness 
increased and muscle activity in rest decreased. Patients could chew better 
and eat more tough foods. No changes were seen in dietary intake, body 
mass index (BMI) and blood markers. Improvements reported after 1 year, 
remained stable with a slight decrease on the long run. The conclusion 
of this systematic review was that treating complete denture wearers 
with implants to support their denture improves their chewing efficiency, 
increases maximum bite force and clearly improves satisfaction. The effect 
on QoL is uncertain, and there is no effect on nutritional state. 
159
In Chapter 3 a study is described in which the 5-year clinical and 
radiographic outcome of implants with a dehiscent surface at implant 
placement was assessed. For this study a total of 26 consecutive patients 
(mean age 61.6 years; SD 8.0 years) with at least one implant with a 
dehiscent implant surface of two thirds of the implant length on the 
labial side was included. All implants were placed to support a maxillary 
overdenture. The implants were placed with adequate primary stability 
and the dehiscent surface was covered with autologous bone, anorganic 
bovine bone and a resorbable membrane. Outcome measures were soft 
tissue conditions, change of radiographic marginal bone level and implant 
survival. Baseline data (at loading) were compared with 1-year and 5-year 
post loading data. Of the 116 implants, 40 implants had no dehiscence, 16 
had a buccal dehiscence < two thirds of the implant length, and 60 implants 
had a dehiscence ≥ two thirds. The peri-implant tissues were healthy and 
5-year marginal bone changes were well within normal limits (-0.4 mm; 
range: -0.8 to -0.1). One implant was lost during the osseointegration 
period. This study shows that even when implants are placed with 
a dehiscence ≥ two thirds of the buccal implant surface, favourable 
5-year peri-implant health can be achieved provided these dehiscences 
are covered with autologous bone, anorganic bone and a resorbable 
membrane, and there is good initial stability of the implants. 
To assess the treatment outcomes of completely edentulous patients 
with four-implant overdentures supported by either bars or locators, a 
1-year, prospective randomized controlled trial was performed. For this 
randomized controlled trial, 50 edentulous patients were enrolled. One 
group of patients (n=25) received maxillary four-implant overdentures 
on locators and the other group patients (n=25) a maxillary four-implant 
overdenture on bars. Outcome measures were change in radiographic bone 
level, implant survival, overdenture survival, soft tissue conditions (plaque 
index, presence of calculus, gingiva index, sulcus bleeding index and pocket 
probing depth), patients’ satisfaction (denture complaints questionnaire, 
the Oral Health Impact Profile questionnaire (OHIP-NL49) and the general 
satisfaction score (GSS)). Follow-up was one year. It was observed that 
marginal bone loss was 0.58±0.71 mm for the locator group and 0.31±0.47 
mm for the bar group. Implant survival was 96.7% and 97.9% in the locator 
and bar group, respectively. Overdenture survival was 100% in both groups. 
After 1 year, the bar group scored better on total OHIP-49NL and GSS for 
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the upper denture. Clinical indices and all separate item scores (denture 
complaints questionnaire and OHIP-NL49) were not different between the 
groups.
Masticatory performance with a maxillary four-implant overdenture was 
assessed in the same patients that were included in the study described 
in Chapter 4.  All 50 patients had to complete a mixing ability test (MAI) 
and questionnaire about masticatory function before and 12 months 
after treatment (Chapter 5). Irrespective of being treated with a maxillary 
overdenture on bars or locators, MAI improved and scores on GSS, OHIP-
NL49 and denture satisfaction were better. 
From the studies described in Chapters 4 and 5, it was concluded that 
maxillary overdentures retained by bars on four implants opposed by a 
mandibular overdenture are accompanied by significantly less peri-implant 
marginal bone loss and more satisfied patients than maxillary overdentures 
retained by locators. Mixing ability was the same for all the patients 
(either maxillary overdentures on bars or locators), while patient reported 
masticatory performance was better for patients treated with maxillary 
overdentures on bars. 
The differences in the assessed outcome variables of patients treated with 
a maxillary four implant overdenture on either bars or locators were small. 
Therefore, a cost-effectiveness study was performed to assess whether the 
groups differed (Chapter 6). The purpose of this study was to estimate the 
cost and to evaluate the cost-effectiveness of both four-implant maxillary 
overdentures designs in a Dutch hospital setting. To estimate the cost-
effectiveness of both attachment systems, two different ratios were used, 
i.e., cost per gained OHIP-NL49 point and cost per gained Mixing Ability 
Index (MAI) point. Using opportunity costs, the total costs were €6312 
(range: €5516 - €6893) and €4160 (range: €3676 - €4644) for the bar and 
locator overdenture treatment, respectively. Cost-effectiveness was €113 
per OHIP point gained for the bar attachment system and €83 per OHIP 
point gained for the locators. Additionally, cost-effectiveness was €2.570 
per MAI point gained for the bar attachment system and €1623 per MAI 
point gained for the locators.  This study showed that up to one year after 
wearing a maxillary four-implant denture, the cost-effectiveness ratios are 
in favour of the locator overdenture with regard to the assessed outcome 
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variables. From the probabilistic sensitivity analysis it can be concluded 
that, although in the base case the outcome is in favour of the bar 
overdenture, for the OHIP outcome the bar overdenture treatment is more 
effective for about only two thirds of the simulations. The outcomes cannot 
be valued, because no willingness to pay thresholds are known for the 
outcome measures used. As a result of the cost-effectiveness acceptability 
curves it can be said that the with respect to the OHIP outcome there is a 
probability of 95% that the bar overdenture is cost-effective when payers 
are willing to pay a maximum of €135/OHIP and for the locator overdenture 
this is €109/OHIP.
For the MAI outcome, these values are €4950/MAI for the bar overdenture 
and €2600/MAI for the locator overdenture. The choice for a particular 
treatment option, especially in dentistry, cannot only be based on cost-
effectiveness, as clinical performance is another important factor as 
well. Moreover, the cost-effectiveness results presented in this thesis 
are reported only for the first year after placement of the maxillary 
overdenture. An assessment of the long-time cost-effectiveness of both 
maxillary four-implant overdenture designs is eagerly needed. 
In Chapter 7, two cases treated with maxillary overdentures are described: 
one case with a bar overdenture and one case with a locator overdenture. 
The description of these cases was added because limited knowledge 
is present on planning of attachment systems in relation to available 
prosthetic space. Each system has its own advantages and disadvantages, 
but needs a specific amount of space. Planning was done digitally with 
planning software. These two case reports illustrate planning a bar 
attachment system and planning the use of locators.
Summarizing, maxillary overdentures on four implants with either a 
bar or locator attachment system result in more satisfied patients and 
are accompanied by healthy peri-implant conditions. The following 
considerations should play a role in the decision making for a maxillary 
overdenture on bars or locators: 
• From the patient’s point of view, the maxillary overdenture is best 
 supported by bars. However, a maxillary overdenture on locators 
 also improves patients’ satisfaction significantly. 
• From a clinical perspective, the bar overdenture is accompanied by 
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 less marginal bone loss in the first year after placement, even 
 though the difference with the peri-implant marginal bone loss 
 accompanying the locator overdenture is very small.
• From a cost-effectiveness point of view, at least up to one year 
 after placement of the maxillary overdenture, a bar overdenture is 
 less cost-effective with regard to the oral health related quality of 






Tegenwoordig is het plaatsen van implantaten ter bevestiging van 
een overkappingsprothese in de boven- of onderkaak de aangewezen 
behandeling bij patiënten met klachten van hun conventionele 
prothese. Alhoewel er veel bekend is over het functioneren van 
een overkappingsprothese op implantaten in de onderkaak, zoals 
patiënttevredenheid, implantaat overleving, staat van peri-implantaire 
weefsels en het aantal implantaten dat nodig is, is er minder bekend 
over het functioneren van een overkappingsprothese op implantaten 
in de bovenkaak. Daarom was de algemene doelstelling van dit 
promotieonderzoek om het functioneren van overkappingsprotheses in 
de bovenkaak op vier implantaten te beoordelen op patiënttevredenheid, 
kauwfunctie, de impact van een dehiscentie bij het plaatsen van 
implantaten, klinische en röntgenologische uitkomsten, kosten, 
kosteneffectiviteit en de keuze van het bevestigingssysteem (Hoofdstuk 1).
In Hoofdstuk 2 werd de theoretische achtergrond van 
overkappingsprotheses op implantaten belicht. Uit dit onderzoek kwam 
naar voren dat de orale functie bij patiënten met een uitneembare 
prothese verbetert wanneer er implantaten geplaatst worden ter 
ondersteuning van de prothese. Het is echter nog niet bekend wat de 
impact van implantaat gedagen protheses is op kauwfunctie, bijtkracht, 
patiënt tevredenheid en voedingstoestand en hoe deze parameters te 
meten. Daarom werd een systematische review van de literatuur gedaan 
om te onderzoeken welke methodes er gebruikt worden om de verandering 
in kauwfunctie, bijtkracht, patiënt tevredenheid en voedingstoestand te 
meten na het plaatsen van een overkappingsprothese op implantaten. 
Medline, Embase en Cochrane CENTRAL werden doorzocht. 53 van de 
920 gevonden artikelen voldeden aan de inclusiecriteria. De meeste 
studies gingen over overkappingsprotheses in de onderkaak, slechts 
drie studies beschreven de overkappingsprothese in de bovenkaak. 
Overkappingsprotheses op implantaten resulteerden in een hoge patiënt 
tevredenheid, maar de hoge tevredenheid ging niet altijd gepaard met 
een verbetering in de algemene kwaliteit van leven. De bijtkracht werd 
groter, de musculus masseter verdikte en de spieractiviteit in rust nam 
af. Patiënten konden beter kauwen en gaven aan taai en hard voedsel 
beter te kunnen eten. Er werden geen verschillen gevonden in dieet, body 
mass index (BMI) en bloedwaarden. De verbeteringen, gerapporteerd 
na een jaar, bleven aanwezig met een lichte daling op de lange termijn. 
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De conclusie van deze systematische review was dat het behandelen van 
patiënten met een volledige conventionele prothese, door middel van 
implantaten om de prothese te ondersteunen, resulteert in een verbetering 
in kauwefficiëntie, verbetert de maximale bijtkracht en draagt duidelijk bij 
aan een verbetering van patiënttevredenheid. Het effect op de kwaliteit van 
leven is onzeker en er is geen effect op de voedingstoestand.
In Hoofdstuk 3 wordt een studie beschreven waarbij gekeken wordt naar 
de klinische en röntgenologische 5-jaars uitkomsten van implantaten die 
geplaatst werden met een dehiscent implantaat oppervlak. Voor de studie 
werden 26 patiënten (met een gemiddelde leeftijd van 61,6 jaar; SD 8,0 
jaar) met ten minste één implantaat dat geplaatst is met een dehiscent 
oppervlak geïncludeerd, waarbij de dehiscentie aan de labiale zijde ten 
minste twee derde van de implantaatlengte was. Alle implantaten werden 
geplaatst om een overkappingsprothese in de bovenkaak te ondersteunen. 
De implantaten werden geplaatst met voldoende primaire stabiliteit en het 
dehiscente oppervlak werd bedekt met autoloog bot, een botsubstituut 
en een membraan. De uitkomstmaten waren de conditie van de weke 
delen, verandering in marginale röntgenologische bothoogte en implantaat 
overleving. De gegevens vlak na het belasten van de implantaten werd 
vergeleken met de gegevens een of vijf jaar na belasting. Van de 116 
implantaten hadden respectievelijk, 40, 16 en 60 implantaten geen, minder 
dan twee derde en meer dan twee derde van de implantaat lengte aan 
dehiscent oppervlak. De peri-implantaire weefsels waren gezond en het 
marginale botverlies was na vijf jaar volledig binnen de gezonde marges 
(-0,4 mm; range: -0,8 tot -0,1). Eén implantaat was verloren gegaan tijdens 
de osseointegratie periode. Deze studie toont aan dat na vijf jaar, zelfs 
wanneer implantaten geplaatst worden met een dehiscent implantaat 
oppervlak groter dan twee derde van de implantaatlengte, een gunstige 
situatie wat betreft de peri-implantaire weefsels bereikt kan worden, 
met als voorwaarden dat de dehiscentie bedekt wordt met autoloog bot, 
botsubstituten en een resorbeerbaar membraan en dat de implantaten 
geplaatst worden met een goede primaire stabiliteit.
Om de behandeluitkomst bij volledig edentate patiënten met een 
overkappingsprothese op vier implantaten te beoordelen, werd een 
gerandomiseerd onderzoek uitgevoerd (Hoofdstuk 4). Er werden twee 
bevestigingssystemen beoordeeld, namelijk locators (n=25) en de 
staafmesostructuur (n = 25). De studie had een follow-up van één jaar. Er 
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werden 50 patiënten geïncludeerd. De uitkomstmaten waren verandering 
in marginale röntgenologische bothoogte, implantaat overleving, overleving 
van de overkappingsprothese, conditie van de peri-implantaire weke delen 
(plaque index, aanwezigheid van tandsteen, gingiva index, bloedingsindex 
en pocketdiepte), patiënt tevredenheid (vragenlijst klachten prothese, 
de Oral Health Impact Profile vragenlijst (OHIP-49NL)) en een algemene 
tevredenheidsscore (ATS). Er werd een marginaal botverlies van 0,58±0,71 
mm voor de locator groep en 0,31±0,47 mm voor de staaf groep gevonden. 
De implantaat overleving was, respectievelijk 96,7% en 97,9% voor de 
locator en staaf-groep. De overleving van de overkappingsprotheses was 
100% in beide groepen. Na één jaar scoorde de staaf-groep beter op de 
totaalscore van de OHIP-49NL en de ATS voor de bovenprothese. Er was 
geen verschil tussen groepen in klinische scores en de deelscores van de 
vragenlijsten (vragenlijst klachten prothese en OHIP-49NL).
Bij de patiënten, die geïncludeerd werden in deze gerandomiseerde studie, 
werd ook de kauwfunctie beoordeeld. Alle 50 patiënten werd, voorafgaand 
en 12 maanden na behandeling, gevraagd een kauwtest (MAI) uit te voeren 
en vragenlijst met betrekking tot kauwfunctie in te vullen (Hoofdstuk 5). 
Ongeacht het type mesostructuur, staaf of locator, verbeterde de MAI 
en waren de scores voor de vragenlijst beter. De locator groep scoorde 
significant slechter op de vragenlijst na behandeling, alhoewel de MAI score 
na behandeling niet significant verschillend was tussen de groepen.
Concluderend (Hoofdstuk 4 en 5) kan worden gesteld dat een 
overkappingsprothese op vier implantaten met een staafmesostructuur 
tegenover een overkappingsprothese in de onderkaak resulteert 
in significant minder botverlies en tevredenere patiënten dan een 
overkappingsprothese op locators. Het kauwvermogen was niet 
verschillend tussen deze twee groepen (overkappingsprothese op een 
staafmesostructuur of locators), terwijl er voor subjectieve kauwfunctie wel 
beter werd gescoord door patiënten met een overkappingsprothese op een 
staafmesostructuur.
De verschillen tussen de scores op de verschillende uitkomstmaten 
tussen een overkappingsprothese op een staafmesostructuur of locators 
waren klein. Daarom werd een kosteneffectiviteitsstudie opgezet, om 
te beoordelen of hierin wellicht een verschil tussen de groepen was 
(Hoofdstuk 6). Het doel van deze studie was om de daadwerkelijke 
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kosten te schatten en de kosteneffectiviteit in een Nederlandse 
ziekenhuisomgeving van beide behandelopties te beoordelen. Om 
de kosteneffectiviteit te beoordelen werden twee uitkomstmaten 
gebruikt, namelijk kosten per gewonnen OHIP-49NL punt en kosten per 
gewonnen MAI punt. Door gebruik te maken van opportuniteitskosten, 
werden de totale kosten van een overkappingsprothese op een 
staafmesostructuur geschat op €6312 (range: €5516 - €6893) en de 
kosten van een overkappingsprothese op locators geschat op €4160 
(range: €3676 - €4644). De kosteneffectiviteit was €113 per gewonnen 
OHIP punt voor de overkappingsprothese met staafmesostructuur 
en €83 per gewonnen OHIP punt voor de overkappingsprothese met 
locators. Daarnaast, was de kosteneffectiviteit €2570 per gewonnen 
MAI punt voor de overkappingsprothese met staafmesostructuur en 
€1623 per gewonnen MAI punt voor de overkappingsprothese met 
locators. Deze studie laat zien dat, tot aan één jaar follow-up, de 
kosteneffectiviteitsratio’s met betrekking tot de gekozen uitkomstmaten 
in het voordeel van de overkappingsprothese met locators zijn. Aan de 
hand van een probabilistische sensitiviteitsanalyse werd geconcludeerd 
dat, ook al is de OHIP-score voor de staafmesostructuur gemiddeld beter, 
maar in twee derde van de simulaties de overkappingsprothese met een 
staafmesostructuur daadwerkelijk meer gezondheidswinst opbrengt. 
Deze uitkomsten kunnen niet gewaardeerd worden, aangezien er geen 
‘willingness-to-pay’ drempel bekend is voor de gebruikte uitkomstmaten. 
Aan de hand van de ‘cost-effectiveness acceptability curves’ werd gezien 
dat met betrekking tot de OHIP-uitkomstmaat er met 95% zekerheid gesteld 
kan worden dat de overkappingsprothese met een staafmesostructuur 
kosteneffectief is als men bereid is een maximum van €135/OHIP te betalen 
en voor de overkappingsprothese met locators een maximum van €109/
OHIP. Voor de MAI-uitkomstmaat, waren deze maximumwaardes €4000/
MAI voor de staafmesostructuur en €2600/MAI voor de locators. 
De keuze voor een bepaalde behandeloptie, vooral in de tandheelkunde, 
kan niet alleen gebaseerd zijn op kosteneffectiviteit. Klinische uitkomsten 
zijn een andere zeer belangrijke factor. Daarnaast, werd in het beschreven 
onderzoek de kosteneffectiviteit bepaald tot aan één jaar na behandeling. 
Een beoordeling van de kosteneffectiviteit van de overkappingsprothese op 
een staafmesostructuur of locators op de lange termijn is zeer gewenst.
In Hoofdstuk 7 werden twee casussen beschreven: één met een 
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overkappingsprothese op een staafmesostructuur en één met 
een overkappingsprothese op locators. De beschrijving van deze 
casussen werd toegevoegd om de kennis over de digitale planning van 
bevestigingssystemen in relatie tot de beschikbare prothetische ruimte 
te vergroten. Elk systeem heeft zijn eigen voordelen en nadelen en 
voorwaarden wat betreft de benodigde prothetische ruimte. De planning 
voor beide casus werd digitaal gedaan met planningssoftware. Deze 
twee casusbeschrijvingen illustreren de planning bij het gebruik van een 
staafmesostructuur en het gebruik van locators.
Samenvattend, een overkappingsprothese in de bovenkaak op vier 
implantaten met een staafmesostructuur dan wel locators resulteert in 
tevredenere patiënten en gezond peri-implantair weefsel. De volgende 
overwegingen zouden een rol moeten spelen bij de keuze voor een 
overkappingsprothese op een staafmesostructuur of locators:
• Vanuit het perspectief van de patiënt kan er het best gekozen 
 worden voor een overkappingsprothese in de bovenkaak op een 
 staafmesostructuur, hoewel een overkappingsprothese in de 
 bovenkaak op locators de patiënttevredenheid ook significant 
 verbetert.
• Vanuit het klinisch perspectief heeft de overkappingsprothese 
 op een staafmesostructuur een jaar na plaatsen significant minder 
 marginaal botverlies,hoewel het verschil met het marginale 
 botverlies bij een overkappingsprothese op locators klein is.
• Vanuit het perspectief van kosteneffectiviteit is een 
 overkappingsprothese met een staafmesostructuur minder 
 kosteneffectief met betrekking tot de mondgezondheid gerelateerde 






Een promotieonderzoek doe je niet alleen. De ondersteuning van velen en 
de inzet van een heel team is nodig om het tot een succes te maken. Wat 
is het mooi om de mogelijkheid te hebben gekregen om dit hele proces 
door te maken en wat is het prachtig dat het nu af is! Het is zo fijn om een 
tastbaar resultaat in handen te hebben van de goede samenwerking tussen 
alle betrokkenen. Dit werk opent weer vele deuren in de toekomst. Ik wil 
iedereen die hier op enige manier aan bijgedragen heeft enorm bedanken. 
Zonder iemand tekort te doen, wil ik een aantal mensen in het bijzonder 
bedanken.
Allereerst, alle deelnemers van de studies: heel erg bedankt! Zonder jullie 
was er geen data en was er geen wetenschap. Jullie maken het mogelijk 
dat wij in de toekomst patiënten, met soortgelijke problemen als jullie, 
beter kunnen helpen. Dit is heel waardevol voor ons, maar vooral voor die 
patiënten. Ook na deelname aan de studie, zullen we voor jullie zorgen 
en zullen we alles er aan doen om jullie zo efficiënt mogelijk proberen te 
helpen.
Prof. dr. H.J.A. Meijer, hooggeleerde eerste promotor, beste Henny. Tijdens 
mijn studie en nog voor mijn onderzoek gaf je me de kans om naar het 
buitenland te vertrekken met Elise. Wat was dat een leuke tijd en zie 
waar die beslissing toe geleid heeft! Het was een eer om met je te mogen 
samenwerken. Je ontspannen houding, onuitputtelijke energie en motivatie 
zijn aanstekelijk. Je hebt enorm veel kennis en werkt hard. Ik bewonder 
deze onvoorwaardelijke inzet. Je bent als een voorbeeld. Heel erg bedankt 
voor de afgelopen jaren.
Prof. dr. G.M. Raghoebar, hooggeleerde tweede promotor, beste Gerry. 
Wat zijn Henny en jij een gouden duo. Door jullie krachten te bundelen 
zijn jullie de beste ondersteuning die een promovendus zich kan wensen. 
Bedankt voor alle implantologische kennis die je met me gedeeld hebt, 
maar misschien nog wel veel meer dank voor de fijne gesprekken over 
andere dingen dan implantologie. Je hebt me wijze levenslessen geleerd. 
Geen berg is jouw te hoog, geen zee te diep. Ik vind het prachtig om te zien 
dat jij verder gaat, waar anderen stoppen. Jouw humor en bemoedigende 
woorden hebben er voor gezorgd dat de afgelopen jaren een feestje waren!
Prof. dr. A. Vissink, hooggeleerde derde promotor, beste Arjan. Zonder jouw 
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kritische en frisse blik zou dit proefschrift nooit zo goed zijn geworden, als 
dat het nu is. ’s Ochtends, ’s middags, ’s avonds, ’s nachts, door de weeks 
of ’s weekends…van jou krijg je altijd binnen een paar uur antwoord. Het 
lijkt alsof jij nooit stilstaat. Door deze snelle en goede feedback werden 
deadlines gehaald en werd de kwaliteit van ons werk op de proef gesteld. 
Ik heb dit altijd erg gewaardeerd. Je laat me nadenken over waarom we 
bepaalde keuzes gemaakt hebben en of het niet anders gekund had. 
Bedankt voor het stimuleren van mijn ontwikkeling als wetenschapper.
Geachte prof. dr. M.S. Cune, prof. dr. H. De Bruyn, prof. dr. D. Wismeijer, 
leden van mijn beoordelingscommissie. Stuk voor stuk hebben jullie erg 
drukke banen en daarom ben ik erg dankbaar dat jullie de tijd hebben 
genomen om mijn proefschrift kritisch te bekijken. 
Geachte prof. dr. F.K.L. Spijkervet, beste Fred, afdelingshoofd. Bedankt dat 
ik de mogelijkheid gekregen heb om een promotieonderzoek te doen en 
bedankt voor de mogelijkheid om na mijn promotie te kunnen starten met 
een opleidingstraject als tandarts-gehandicaptenzorg.
Dr. H. Reintsema, beste Harry, hoofd van het centrum bijzondere 
tandheelkunde. Bedankt voor je faciliterende houding in de allerlaatste fase 
van mijn promotietraject. Ik zie uit naar de toekomst.
Beste (overige) leden van het dagelijks bestuur, bedankt voor alles wat jullie 
mogelijk maken.
Dr. J.W.A. Slot, dr. C.M. Speksnijder, J.N. Ross, MSc, prof. dr. M.J. Postma, 
beste Wim, Caroline, Jamila en Maarten, bedankt voor de constructieve 
manier van samenwerken. Het is gebleken dat het bundelen van krachten 
leidt tot prachtige resultaten. Dank voor jullie inzet en het delen van jullie 
kennis. 
Prof. dr. M.S. Cune, beste Marco, ik ben erg blij met de opbouwende 
en uitgebreide feedback die je op mijn proefschrift gegeven hebt. Je 
enthousiasme motiveert me.
Beste Gerrit van Dijk en alle medewerkers van het Tandtechnisch 
Laboratorium Gerrit van Dijk. Jullie ben ik veel dank verschuldigd voor 
de perfecte manier waarop jij en jouw medewerkers alle protheses 
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hebben gemaakt. Je bent altijd bereid om uitleg te geven. Je denkt 
in mogelijkheden in plaats van in beperkingen. Dank voor de fijne 
samenwerking!
Beste Anne Wietsma en Aswin Beekes bedankt voor jullie vakwerk. Bedankt 
voor het ombouwen van alle scanprotheses tot boormal. Wij konden altijd 
van jullie op aan.
Drs. R.A.G. De Ruijter en drs. A.A.B. Krol, beste Rolf en Alexander, 
tandarts bij het Centrum voor Tand- en Mondheelkunde. Bedankt voor 
de behandeling van een paar patiënten uit mijn onderzoek. Jullie waren 
niet bang om vragen te stellen en hierdoor konden we de zorg voor deze 
patiënten aan jullie toevertrouwen, bedankt daarvoor!
Beste dames-assistentes van de MKA en van het CBT het is mooi om jullie 
flexibiliteit en veelzijdigheid van dichtbij te zien. Bedankt voor jullie inzet 
en hulp bij mijn patiëntengroep. Ik zie er naar uit om verder met jullie te 
mogen samenwerken. In het bijzonder wil ik Tally en Chantal bedanken 
voor het bijhouden van al mijn patiëntenlijstjes. Jullie weten wat voor ster 
ik ben in afspraken, planningen en lijstjes onthouden. Jullie hebben er voor 
gezorgd dat patiënten op het juiste moment gezien werden. Ik ben jullie erg 
dankbaar voor jullie oplettendheid en voor alle hulp.
Beste dames van de röntgenafdeling, beste Mariëlle, Liliane, Anne, Yvonne 
en Charlotte. Ontzettend bedankt voor alle röntgenfoto’s die jullie voor 
mijn onderzoek gemaakt hebben. Ook al kwamen de patiënten vaak 
onaangekondigd, toch zorgden jullie er altijd weer voor dat elke patiënt 
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met jullie onderzoeker te mogen zijn. Bedankt voor alle hoogtepunten 
die ik met jullie heb mogen beleven. Ik bewonder jullie ambities en wens 
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carrières. Marieke en Carline bedankt voor alle taart-momenten. Wat is 
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van jou mag zijn.
Lieve familie en vrienden, bedankt voor jullie warmte en liefde. Ook al was 
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mij altijd. Bedankt daarvoor!
Lieve familie van Jos, ik voel me erg welkom bij jullie. Na zo veel jaren zijn 
jullie als mijn eigen familie geworden. Lieve Ko en Mar, jullie levensinstelling 
vind ik erg bewonderingswaardig. Wat genieten jullie van het leven en wat 
is dat geweldig om te zien. Bedankt voor alle mooie tradities en alle mooie 
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Lief zusje, lieve Rianne, mijn proefschrift is ook een klein beetje van jou. 
Bedankt dat je me hebt willen helpen met het design. Wat is het fijn om jou 
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omdat het kan. Lieve Jurgen, wat fijn dat je er wilt zijn voor mijn zusje, 
bedankt daarvoor.
Lief broertje, lieve Frank, wat ben ik trots op jou! Je hebt jezelf bewezen 
door telkens weer een stapje verder te gaan met studeren. Je blijft me 
verrassen. Ik ben erg benieuwd wat je allemaal nog gaat doen en wat het 
leven jou brengt. Lieve Kelly, ik hoop dat je samen met Frank een fijne 
toekomst tegemoet gaat. Fijn om jou in de familie te hebben.
Lieve papa en mama, nooit hebben jullie eisen aan ons gesteld. Tot op 
zekere hoogte mocht en kon alles bij ons thuis. Als wij maar deden wat 
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om op de fiets naar Parijs te gaan. Elke dag verwonder ik mij over jouw 
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veel vrijheid geeft. Bedankt dat ik mijn leven met je mag delen. Vanuit het 
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